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] In November 1973, the National Aeronautics and Space Administration. . _-.
(NASA) asked Ihe Natiopal Academy of -Engineering* to conduct a summer study
' lof future applications of space systéms, With particular emphasis on™practical
. approaches, taking into consideration socioeconomic benefits. NASA asked
that the study atso consider how these applications would influeRce or be )
influenced by the Spact Shuttle System, the principal space transportation
system of the 1980's. In December 1973, the Academy agreed to ﬁerfo;m.the
* study and assigned the task to the Spack Applications Boarg (SAB).
. ' Inrthe’summets of 1967 and 1968, the National Achdemy df Sciences had .
- convemed a group of eminent scientists and engimeers.to determine what research
: and development was necessary to permit the eXploitation of useful applicatipns
of earth-oriented satellites. The SAB concluded that since the NAS study,
: :/operational weather and communications satellites and the 'successful first
"' ¢ ‘wyear of use of the experimental Earth Resources Technology Satellite had demgn- -+ -
. Strated conclusively a tethnological capability that could form a~foundation
+ for expanding the useful applications of space-derived information and services,
and that it was now necesdary to obtain, from,a/broad cross-section of potential
users, new ideas apd needs that might guide the development of future space - -
systems for practical applications. o '
After discussions with NASA and other interested federal agencies, it
was agreed that d major aim of the "sumier study" should be to involve, and
+ to attempt to understand the needs of, resource managers and other decision-
makers who had ds yet only considered space systems as experimental rather
than as useful elements of major day-to-day operational information and servicé -
»'systems. Under the general direction-of the SAB, then, a representative group .
of users and potential users conducted an intensive two-week study to define ..

,

L

> 3
-~

user needs that might be met by information or services derived from earth- e
orbiting satellites. *This work was done in July 1974 at Snowmass, Colorado.

¢ For the study, nine user-oriented panels were formed, comprised of present .. = *
or potential public and private users, including businessmen, state and local v

government officials, resource manageis;, and otHer decision-makers. A number

-

- R LIRS v

-

*Effective July.l, 1974, the National Academy of\Sciences and the National
Academy of Engineering reorganized.the National Research Council into eight
assemblies and commissions. All National Academy of Engineering program units,
including the SAB, became the Assembly of Engineering. .
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. - of stientists and techBologist® also participated, functioning essentially
. as expert consultants. The assignment: made to the panels included reviewing
progress 1n space arplications since the NAS study of 1968* and deflnlng user
needs potentlally capabde of teing met by space-system appllcatlons' User ¢
specialists, drawn from federal, state, 2nd local’ governments- and from bp51ness

. and 1tdustrv, were impaneled-in the’ folloulng fields: . )
’ C s .
. Panel 1: VWeather and Climate . ¢ <
’ 'Pam:,# 2: Uses of Communications ’ T
) "+ Panél 3: Land Use Planning .o ' L -
\} < Panel 4: " Agricultyre, Forest, and Range . . . -
' .o Panel 5: Inland Water Resources o § . -
: R Panel b: Extractable Resources . o,
- s+~ « Panel 7: Eavirormental Quality . - , ‘
Panel . 8: Marine and Maritime.Uses '
Panel 9: Matprials Processing in Space - :

‘In addltlon, td® study the soc1oeconom1c benefits, , the 1nf1uence of tech-
nolog), and the interface with sQaLe transportation systems <the followlng

.» panels’ (térmed interactiye panels) were convened: . -~
' - o _.Panel 10: Instltut;onal Arrangements v -t <. - 5.
- ’ Ppanel 11: Costs" and Benefits _ : . <
Panel 12: Space Transportatlon ) - .
) Panel 13: Information Services and Informatlon Processing ,
Panel 14: Teclinology . . : R
) As a basis for their dellberatlons, the latter groups used neeﬁs expressed | |
‘o by the user panels. A substantial amount of interaction with the user panels
' was de51gned into the study plan and was found to be both desirable ‘and neces- ’
. sary. . T i
R The maJor part of the study was accomglléhed by the panels. The functlon .
\ . of the SAB was to review the work of *the panels, to evaluate their f1nd1ngs, .

[y

and to.derive from their work an integrated set of major conclusions and recom-

’ mgpdatlons. The Board's findings, which include certain significant’recommen-
dations from the panel reports, as well as-more general ones arrived at by
.considering the work of the study as a whole, are qontalnod in a report-pre-
pared by the Board.**

. Y It should be emphasized that the study was pot designed to make detailed
assessments of all of the factors which should be considered in establishing

‘ priorities. In some cases, for example, options other than space systems for

accomplishing the same objectives may need to be agsessed; requirements for

«
e, . e

L .

*National Research Council. Useful Applications of Earth-Oriented Satellites,
. Report of the Centrul.Review Committee. National Academy of Sciences, ,
Washlngton, D.C., 1969.
. **Space Applications Board, National Research Council. Pract~ca1 Appchatzons
of Space Systens. Vatlonal Academy of Sc1ences, Washington, D.C., 1975,

. . . .
.
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1nst1tut1onal or organlzat1oﬂal suppoxt’ may need to be appralsed multlple
uses of systems may need to be evaluated to achiey® the most efficient and
econom1¢ returns. In'some ‘cases, analyses of costs and benefits will be
needed. In this connection, specific cgst-benefit studies were not conducted
as a part of the tuo-ueek'study Recommendations for certain such analyses,
however, appear in this report and in’ the Board's report, fogether with recom-
mendations des1gned.to prOV1de an 1mproved basis upon which to make cost-benefit
assessments., ,

In sum, the stud) wis des1gned towprovide an opportunity’ for knowledgeable
and experiehced users, _expert in their Tields, to express their“heeds for,. '
1nformat1on or serV1ces ‘which might (or might not) be mét by space systems
and to riiate .the' presant and potehtial capabilities of space systems to their
needs. e study did npt attempt to examine in detail the scientific, technl-
cal, or economic bases for the needs expressed. by the users. .

‘The SAB was impressed by the qualityfof the panels' work and has asked
that their reports be made availdble as supporting documents for the Board's
report. While the' Board is in géheral accord|with the panel repogyts, 1t does..
hot necess@arily endorse ‘them.,inCevery detail.

The conclusions and recommesrdations sof this panel report should.be con-
sidered within the context of the repoxt prepared by, the Space Applications
Board. The views pres%nted an the panel report represent the general condensus
of the panel. Some individual members of the panel may not agree with every
conclusion or recommendhtlon contained in the report.
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S The p¥an for the 1974 Summer Study on-Space Applications fspepifif:all’y ‘_ . .
+ directed the participants to seék practital approaches to the future development -

o , oftapplicatrons of space systems. ‘To asfigg w¥th this task, the Space Applica- r
" ., tions Board selected as:mequz;_s rof; .‘t,heJPane’}. on (_Zo§ts and Bepefits individuals ) e
with backgrounds' in business, financial, or professional economics. As a result‘
of the Panel's %aork and ¥ts  inteTraction with the other panels, several sugges- . ¥

tions have’ emerged whith the"Panel believes gan contribute 4o the development of
imprdvéd cost and benefit analyses of space applications. . - é
o First is the development of ar outline of the key elements \th.at a financial '
professiona} would consider in evaluating the space-appliéatioxg‘prog}'am. These
suggestions flow from extensiw¥ experience of Panel members in"“the evaloation of
o - large investment positions 'in_comparable high-risk techndlogical projects, This
1 pragmatic orientation has been combined with tfie analytical perspective of the
" economists on the Panel tosdemonstrate effective means..of quantifying a'ntic_ip‘ated,
' . but in'man}- cases as yet, i1l defined, benefits accruing from the application of °
.. space-derived information. - . $ ° . VAR S
Sy “No—attempt.has been made bx&e Panel to evaluate the potential-benefit of " -
" "spin-off* technology that can b expected to result ffom the-space -applications
5 program. This tgchnology can, pe an important incrémental.benefit but-was no‘ . ,.,-,_@;-
” considered to be’in, the mainstream of,the investment ydecision-making process for
ogerational space systems, - oe - R

h 3

-~ On the cost side jof the equatior, the Panel has outlined an approach which
hopefully provides new perspectives in.the development of a cost minimizatign .
- philosophy for thé implementation ‘phase of the prégran, SR : S
) ~Pricing of both the space transporfation sexvice and the offtput information i
\.(at various possible accéss points ‘in the data stream) is a®crftically -importdnt
issue of & sutcessful space applicafion effort, The Panel has. sleveloped a posi-- °

S

tion which should be helpful in the.resolution'¢f this basic policy issue, The )
Pan€l beliewes that the organizational arrahgements assotiated with the.manage- o
mént @f the space applications program will have strong bearing on the develop-
ment of reliable gost and benefit analysis, Strong an# effedtive leadership.in
the early development phase of The progranm is essential to gain user cooperati¢n
. in the strlcturing of a coordihated program. In the implementation phase,,
L effective’ cost control is also closely tied to efféttive genéral management of.
- the~applications program. « ‘ - T
- Tie space applications program,” if fully-implemented in its:presently .
7 epvisz;.ohed forn, wi'p require a governmental investmeht og roughly $11,3 biilion, .+
.. P M o - N . ’ . . -

[P . { . +* >

-

"




- including $2.6 billion in launch costs. This investment represents a heavy com-
@itment by any standard and clearly supports the ‘need.for appropriate cost and *
*benefit ankiysis at various phases of the proposed application investments.
-}t 1s’ important to.recognize that the total investment in the space pro-
gram through 1991 could liKely exceed $50.,billion. Embodied 1n thrs total
xpendrture are broad programs designed to meet xhe objectives of the Depagtment-
\of De¢fense (DOD) and the sceentific comnunity. . e*Pangl urges that eveyy
fort be made to utilize, where pbssible, the capability-burlt for defense
Aand screntific purposes to reduce the total investment required to implement the
Space_a_applicatiqns' prograns -considered in'the present study.
i A final eledent in the objectlves of this Panel is to identify high poten-
' tidl applications for future.cost and benefit analysis. The Panel-has chosen
four major problem areas which have been cited as impyovable through the appli-
&tion of space-derivell information, namely, food,supply and distribution;
energy sources; mineril reserves; and co jcation and navigation. As examples
of the application of cost and benefit aIalysis techniques, specific illustra-
. ‘tions h‘a.g‘e een developed in agricultﬁre and maritide traffit.,
. R - .
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: THE INVESTMENT DECISION N
o, PREVIOUS ANALYSES OF SPACE APPLICATIONS ]

" 'The Costs and Benefits Panel has reviewed the Repott of the Central Review
Committee.as well as the Panel reports which summarized the 1967-68 summer .
study.*¢ We are in general agreement with thé conclusions and recommendations /

. of ‘the Ecofiomie Analysis Panel.** This group devoted particular attention to
. *gosting problems in conjunctior with the user,oriented panels, It suggested

some .useful general puidelines for future benefit analysis. - T . * '
+ The Panel hds had neither the time nor the opportunity to review system-
atically previous cost-benefit (and comparable economic) studies of potential
space applicatibns. We have examined samples of such studies which are either
complete or in draft form. A few members of the Panel are very familiar with
| - the work done thus far and have participated in some of these studies.

It is our impression that the approaches thus far taken to evaluate the net
benefits of space gpplications to the user achivities represented by the user
oriented panels at the 1974 summer study have been straightforward and conven-
tional, relying heavily on the standard concepts ‘and tools of economic analysis.

We note that this, type of. analysis is not a science but remains ap art form.
-~ There have been a number of differences in the detailed structure of thgﬂmodéisu .

" used. As one would expect,. the less speculative and more straightforward: studies
- . deal with those applications in which information produced from satellite seising

is sely comparable to information previously available from non-space sources.

In such® cases, one focusés directly on potenpial cost savings possible from the
greater efficiency of space information gathering and need pot be concerned with s
the usually more difficult issue of benefiX estimation. (When one simply com-

pares costs of producing theesame information from alternative sources, he

implicitly, assumes that the existing information system has a positive net

benefit. In some imstances, since so much information is provided at no cost to -
users by government, it may be desirable to check this §§sumption.) : . ©

< L , “ . _

. *  *National Research Council. Useful Applications of Earth-Oriented Satellites.

- ¢ ‘«Natioha{ Academy of Sciences, Washington, D.C., 1969. ‘

**The Economic Analysis Panél of the 1967-68 study did not provide a, discrete
report; rather its findings were included in the Report of the Central Review

fommitiee and in the Swrmaries of Panel Reporis; pp. 57-69.
. SISt s »

— . e

E‘—“—‘*n B .3

O S -

-




* ,approval in some existing (or in-process) studies the use o

[}
-

s ' \ \

As far as the Panel is aware, there has been to date ho attempt at tM’
kind of comprehensive analysis requlred before a decision is taken to develop
an operatlonal space information gatheng system of the type contemplated by
seme in the'earth resources area. "

Legitimate differences of view can and do clearly exist in evaluating a
given cost-benefit (or other form of economic) wnalysis. In some AnStances an’
appropriate methodology may have been. emgtzyed although it is,our géneral °
impression that this has not been a particular issue in The case of existing
space applicatipn studies. L e '

A much mofe critical aspect of such analyses has to do with assumptions

" made in the syudy. 'The assumpt1ons ‘are crucial, since in look1ng ahead at the

potential bepgefits of producing & new kind of 1nformat1on in new.form, the .
analyst must extrapolate.from past and present experience. One is faced with =~ -
the need to’consider how very complex systems (e.g., agriculture) will absdrb

new informition and modify behavior so as to produce efficiency gains. The

success with which existing studies have made such _extrapolations and 1ncorpo-

rated institutional factors is subJect to.honest disagreement., IneV1tab1y,

'»great deal of judgment -is-involved in forward- look1n studies in such fields. ¢

»The history "of human ability to predict the economic
significant innovations suggests that cautibn is necess
as well as in eyaluating -- such efforts. For this reaso

non-ecopomic impact of | ,.
in undertaking --
we note with

alternative assumpi\
tions and of .sensitivity analysis (in which the sensitivity O \f the results to .,
the values assumed- for the variables is examined).

We are aware of one particular source of difficulty in the space applica- -
tions field: economists have not agreed upon a general method to Beasure the
value of information. Economists have only recently begun to develop models
whith explicitly treat information as an input to productive act1V1ty\§n a
meaningful and systematic way. This work is beginning to develop impo
insights and potentially can make a contrib to evaluating space applicat1ons
where the major "product" is information. “er, as yet, these mddels have
not, been developed in @ form which permlts dlrect and stralghtforward empirical
application. . Since it has long been regarded as proper for governments to us¢ .
publicly dontrolled resources to produce and d1ssem1nate.1nformat1on at nominal
or zero prices, the full costs of information prioduction and utilization are .
not reflected in market prices. Thus, a readily available market-valué measure
of benefits expressed in dollar terms is not now available.

Existing studies demonstrate the problem of having to infer- what people
would pay for information, since an adequate and complete set of data from
which to extrapolate is lacking. This deficiency shouad not be 1nterpreted to
imply anything regarding the Panel views on approprgate pricing pol1cy for

. publicly produced information. No criticism is sugpested concerning present

policy which provides much informatidn at no, or nominal, price to private (aad o
other public) users.  The point here is to emphasize the difficulty faced by ° )
benefit- estimatars in the absence of an existing market system for many of the
types of informatiop involved in potentidl space applications.

Concernimg the:'Econgmic.Analysis Panel recor
$ummer study, two spedif1€ comments are in order:)| First, certain members of.the
present Panel dissent from the suggestion made by Xhe 1968 group regardlng the

Lo J . . .
) . °].(3
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use of differential discounting rates.*‘1he‘intent of the 1968 panel was to
reflect different degrees of uncertainty regarding coSt and benefit estimates,
both with respect to each other, and at different pqiﬁ%s in time. Separate -
estimates of the reliability attached to estimates &f eath variable are a better
way to handle differantial uncertainty (e.g., by expressing confidence intervals
around each expected value).” (Present value estimates have a different purpdse
and require a single rate to permit comparability across studies. Members of
the present Panel who question our predecessors on this point recognize that it
is a controversial point among economists and that there is no ""conventional
wisdom' on which to rely.) . ..
Second, the present Panel recognizes the reasons that the Ecohomic Analysis
Panel of the 1967-68 summer study felt it prematldye at that time to estimate
costs ‘internal to user agencies and private users.\ The Panel believes, however,
that it 1s imperative that total systems costs be estimated at each stage in a
program's evolution, including explicitly the three chasses of costs, excluded in J
the 1968 study,, (The classes excluded in 1968 were usex costs for training and

' changing procedures; uset costs for data analysis and in rgieiation; and end
t

user costs such cost to a farmer for changing farming m
. . 'Y -

ods’ or machinery.)

REQUIREMENTS FOR FUTWRE DECISIONS

.

- The Panel believes its contribution to future cost and’benefit studies-

lies in suggesting analytical approaches which more effectively cope with the
high level of uncertainty associated With many of the proposed. applications; .:
In this context, the Panél has .attemp to ideﬁtjfy key elements and methogolo- -

. gies in private sector apalysis of high-risk technqlogical ventures with the,

‘.

\

hope that they will suggest ngw approaches to improved cost-benefit ana;yses*of
space systems for practical yse. .. -

New Teéhnology' - - .

%

Evaluation 6fLarge Investments in
. : ) . - B T e o

" The principal elements {key issues) to be considered in evaluating.large
investments iﬁ,a mew technologx are discussed in the paragraphs that follow.

K Specific definitioni of the-technology advance: At the outset
B it is important to establish the known and the antigipated
capability”of information gathering in space. The degree to '
~which thié cdapability advancCes the current state-of+the-art is
"a particularly important factor. An explicit statement of the
capability can proyide the basis.for-identifying new applica-
tions_and evaluating the utility of those already established.
Véry often-a techmologist will miss’dpplications of high
potential whicH are recognized when a prospective user develops
an understanding of the capability. . L {
. ’ ’ * ) o D ¢ g

.
1

v 4 [l

*See Swmmaries of Panel Reports, p. 68.
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Market potential: It is V1ta1 that the total potential market
y (end-user customer base) be built up from the application of the
. technalogy to spec1f1c end-use problems. Is,the application .
directed at major problems and needs7 This information can only .
Jbe obtained after extensive interaction between the expected user |

and the provider of the product or serv1ce. : ‘

L]

Market structure: Equally 1mportant is a clear understanding of
how decisions are currently made in the potential market being LT
con51dered How many different groups have-to be informed or : .
. educated in order to gain acceptance of new technology7 . : *
[
Pr1c1ng The best test of\ the utility of a new product or
service is determination of*the price that| the customer would be
willing to pay to obtain it. Pricing estimates should not be , .
made in a vacuum, but rather 1nféarefu11y designed communication \ .

A

' . with the expected dser. : I vye oo . i ‘o

: A Mark5k1ng overview: All of.the prior dy cussion of market ’
- .. potential is- focused on assessing the real -market which might,
™~ " be available to new téchnology. Market assessment is clearly a_ A
crﬂtlcal element in thé process of estab11sh1ng benéfits for a T e
. apace application program. Commercial® marketipg research is by ’ f
- no means an exact science, but it has been developéd to a highly =~ /_'
useful art, Business spends lafge sums in gttempting to maintain. /
T ) ~ a-clear focus on user needs to sharpen the focus, of new technology
introductiohs. These-.data and methodology are equally 1mportant
to government planners. . R

-
.

.

Investmeht' In evaluatzng 4 hew technolog) -- espec1ally one ;hat)
' is capital intensive-- it is important to try to establish'the . - . .
total investment requlred to commercialize®the technology. Im . ‘
addition to becoming the denominatotr in the;return on investment' ~ }
calculat1op, the tatal*investment figure rai es’énother question.
In_the private sector, one asks "Is the total program financeable?"
: Thersame question applies in the government except that effort .
pust be made to insure continuity of fund1ng, with the assumption
- that the investpent objectives will be-met. It is very important
to récognize t{at private companies will Tequire assirance of* ,
cont1nu1ty of/data or services from Space systems before they will
» be willing’ t¢ make .major- commitments to their utilization. |,
. Another congideragion of investment is how it will be staged. How
red’ at.the.outsetv These factors are related to the
. determinatfion of the risk associated with the investment. The
. size of the investment should be the major determinant of the level
" of analygis requ1red to sipport the investment decision for each
of thé three major stages in*the evolution of space systems as
identified by“the Panel on Institutional Arrangements,” that is,

(L4

-

— - ' : J'

v

*Panel on’ Inst1tut1onal Arrangements. Practiecal App»vcatvans of Space Sustems,
Supponting Faper 10: Report of the Panel on Institutional Arrangerents. Repo&t
to the Space Applications Board, National Research- Council. National Academ) bf

v Sciences, Washington, D.C., July, 1975. : 1 .
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the research and development, the transitional, agd the operational
stages. This assue and its applicability tq the space applications
program are discussed in more detail subsequently.

- Operating costs and profit: The previous marketing analysis
permits quantification of the anticipated reveniie stream from
forecasts of demand and price. The profit in the private sector
or the net economic benefit in the public sector is obviously
the ‘residual after sobtracting the operating cost for the period '

> °  being considered. The entire issue of cost estimating and control
. is vital to successful realization of anticipated benefit and will
e . be discugsed separately. -

. -Return on investment: The methodology of calculating a seturn -
. . on investment (ROI) has ‘been well documented in thie literature.
* Because of.the long time span of.the space “applications program
‘it'is essential that probabilistic estimates of future Tevenue )
. and expenditures be employed.end 'that they be discourited back to
. o the'present. This concept is widely employed in government and -
the Panel feels tomfortable with the 10-percent discount rate o
currently being employed by NASA. It is important to recognize
“that she utility of ROI analysis is not that'it yields an accurate
", answer, but’ rather that the ROI model perfiits the decisidn-maker
) to evaluate the effects of variations in the key elements of the -
‘analysis and to build confidence that, the program has a reasonable .
probabitity of competing favorably with other potential uses for
the same funds. ) . 7 REPORN
. . * ) ’ ' -~ ’
< ¢ Break-even analysis: Independent of the ROL calculation, it is
important to-make an analysis of alternative cost and revenue
. levels and of the effect of delays in the schedule for the intro:f :
duction of the product on the break-even point for the project. ¢
Figure I presents annualized cost and benefit (revemie) estimates .
’ to illustrate the life cycle trend of the key elements. Break- =~
even analysis is a useful tool for the decision-maker to evaluate = -
. the dynamics of the key ingredients in the investment decision.

Portfolio analysis: Since the space applications program in
the research and development (R&D) phase is built up from a
. series of experimental applications utilizing what in many | -
. cases will be common equipment-and investment, it might be use-
' ful to construct the ROI evaluation for the R§D phase on a
total space applications portfolio. Because of the inherent .
funcertainty in the individual applications programs, the error °
"in the total analysis can b® reduced by calculating an aggregate
return on thie total portfolio. In a simplified fashion, the "
fornat of such an analysis is as illuStrated in Figure II, with
ROI being calculated by taking benefits less operating costs
4 ‘divided by investment,.

7.
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to an'improved ROI calculation, thi§ approach i
graphically demonstrateés the economics obtained by getting maxi- s
<i mum joint use of the investments which are common toﬁseyeral
applications programs. This approach also-has_the benefit of
keqﬁing management focus on the total program- and provides an -
incentive to follow the axiom of°the business community to ''turn

Y P

off losers and double up on winners."

'y .
- . .
N ‘4 I

" . Elements in a Phased; Investment Analysis =~ ’
i ’ r : . N ‘' B ) I
The various informational élements describea above come -into play at three

"investment décisidn points that occur at the beginnling -of the phases in the
evolution of a space system, that is, . .
. . L - .

.

1

. . BN . .
The research and developmént phase .
) . . . . ~ L ." -~ . . A
The ?fan51t1QQ§1 ph??e - y$€- JV ) C
. * The operational phase. -

.

At each of these points i ormatio# will be gathered and analyzed in ordér to
determine whether a project-should continue into its next phase and, if so, the
amount of additional investment required—{§ee Figure ITI.) Of course, a cost-
benefit analysis must be viewed as a process rather than the prpducer of.a L S
single point estimate .for a *'go/no-go" decision. As will be described subsequent-
ly, the method of analysis embodied in each cost-benefit evaluation varies acrosf . .
the three phasés in the development of a space system. It ig very important that
before embarking on any investment-decision process all parties (e.g., NASA, P
Office of Management and Budget and user agencies) to the decision must agree on "
the criteria to be uséd. If this_agreements¥s not reached at an early stage it
must be expected that proposed projects will be.subject to misdirected studies
and delays which add extra costs and-may lose benefits to potential end users. .
. [Furthermore, the objectives and alternative solutions of any project to be evalu- '
* ~ated must be clearly defined. - C

Research and Development Phase: Prior to the 'RGD phase, a subjective
investment decision must be made which will be based on a relatively small_amount -
- of information., Every effort should be made to establish a broad view of the ‘
economic aspects of.the-potential market to be served. In addition, an attempt .
should be made to gain a clear understanding of that specific market, €or exawmple, - )
the ‘potential users, utility of the product, current and potential compétitigsg\ -
and other qualitative factors. . IR
) The.requirenent dt this eaYly stage is primarily to establish, the logic of
‘ the proposed applications ‘and the specific customer base to served. Quantifi- °
cation is diffi¢ult and“{hus credible numbers are very difficult to%arrive at
for many applications. Nevertheless, the® are analytical tools available to
establish a broad range §f values for the anticipated benefit. These tools )
should be employed. It is imgg;tant that such information be developed and

- -
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utflized at this point to serve & a baseline for future evaluation Jf the proj-~ . .
. . ect and to help evaluate it in terms of others which are competing with-it £or.

R&D funds. In the case of promising ideas where.llttie or no infbrﬁation ¢an.

be déveloped gt this stage, ‘it is recommended that NASA have.a smali pool of -

discretionary funds to finance a féw“projécts each year. Commercigl R&D tabs '

have_such!a pool of ''blue sky" funds. ° - R

Transitional Phase: The investment decision point which takgs place after ,
the R&D phase and before the implementation of the transitional pfase requires
a more complete analysis of information. At this point, a more: formal’ and
detailed re-evaluation myst be made of the eComromics of the projEct and its -
specific market to include an updating of the initial surveys mdde in these are
Size of ‘the market, competitive technoiogy, user needs and pref; rences, .and such-: ' » ’
must all be redetermined. At thI3~junctugg, as mych meaningful ;nformaiion as [ ..
possible should be obtained from users because the planning ang &xecution of tye
transitional phase’will be best achieved when thefe is a large/ amount of this
kind of input, S S R . / L

Concurrently, 3 study should be made of the potential.users - operation 1,
and management, orgagizations -- in'dfder to.insure that the proposed applicatigns
are cohpatible with anticipated ngeds and thus provide an opportunity fof mafimum °
learning by, users during the transitional phase. If a substantial amount o .

" learning takes place ig this phase, .user- informational ;an§ yill be’ more accu- . .
rate and serve as a firmer bgsis fdrlevaluation of the.project at its next
decision point. » - I ~ o L

At.this point, an attempt should also be made to ascertain thg‘ghount of IR
poteritial investment which might be requiréd throughout the remaining portion of ,* :
the project development and, .1n addition, an egtimate ‘made of the aggregate . o

Jbenefit which would accrue t6,the fisers. Expected value.techniques may be SRR A
"“utilized to better determine %hé appropriate cost and benefit numbers, _From ¢ -
. these numbers a break-even éﬁa%ysis can be formulated, . : i

-~
-~

v

IR

Operational Phase: ~ At the thlrd investment decision point -4 priox to the
".  operational phase of a project -+ the largest and most detailedyaméunt of infor-
x\w "~ ' mation must be studied and evaluated. As is shown.in Figure ¥, it. is at this_. : p
point that a decision must .be made with regard to the expenditure of,the greate;%"*\\ .
amounts of investment finds. The previous economic and- market studies must be
refined.and updated so as to~jnclude both information: génerated from the previous,
phases. apd new input from external sources. ® An ovérview approach should be
. taken by the group controlling the project and its various use;,applicationsiin
" order to detérmine possible multi-user Cost savings ,th¥ough the use of joint,
programs. A complete costfbenefit study should be made which;%ill include . -
detailed return on investment and break-even calculations as described earlier.
In addition to evaluation at each Oof the investment-decision points
= ' described previously, projects should be evaluated on a continuing basis using
information developed in the project itself a% well as that obtained from users -
and, generated at fhe(Béginning of each.phasgt’ (This continuous mdnitoring of !
information is especially important.as a project progresses from the-transitibnglJ’*
to the operational phase. The constant flow of information and its_interpreta-
tion will enable-all of those involved to adjust theit methods of evaluation
«and hopefully will result in an accurate and timely,determination of the vélu% .

s
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of ;»prbject)at a point prior to the expgnditufre of theblargest’amount of- funds,
The flow ,of .informatiofi will also help to assure user participation in a projec

_ > On a continuing basis, poo s e
‘ . : - } ., ) . .. K4 N . . ) 4\ Ly 1 . .’
N .. U, - . ) ] - . _ b
) . < Y [OST AND PRICING ELEMENTS , .
. . . . . r)
F » o . . X <. N : * -t . »
Yo , ' After studying the cost methodology,used in the 1968 summer study, the .
Pamel agreed that suggestions 6f the 1968 study were still applicable in a broad s
, sense, with a few modifning oonsidé}atio based on’ the current situation. .The :
. major time-cycle categories for cost seg?ggation wexe described then ds:

(1) applied research ami®echnology, engineering and testing, (2) initial proto- K
.z type development (equivalent to. industrial "pilot plant")y and (3) full opera-

’ tional statuse These torrespond almost exactly to ‘thg phases designatéd in the - .

71974 study as research and ‘development, transitional, and operational. - °

. The costs for each category should-be considered separately 'with full and_ -~
. detailed cost justification required at the beginning of each.phase. :The* "
. functional categories atre best divided into space systems and data processing, 3
distribgtiopL and user ‘conversion. Typical costs under these headings, are as
~f0110ws. . - ‘o T ~ ‘o ": T . ' o> ?
. . ‘ ‘i"' . . X .\. . Io. . ,
.Space system costs: . R 3 . . oL, . -
. : - ‘ PR
% Spaceborne hardware (sensors, data tranémitters, attitude
. controls,. pawer systems, etc,) = ‘ ’ » . .

- - Y

. R R - I
Launch costs ‘to orbit (launch vehicle costs, launch facility

costs,.ete.) _ :

' PR . .

. Ground support systems (monitor functivns, command and con- )
trol of satellite, etc,) . ' - _ .

: "« Management and administration of space systems ) ' S T
. N - . — T —
° ‘ . . o S e o A — —
_Data processing, distributiony and user cenversien-—costst——— —— -,
- . - Tosts of ground stations to ‘accept spacecraft information. S
(imdgery and the like) in raw form ’ J. :

) . B . o
Costs of equipment to.process and organize the coll

. : « . N
] into a format suitable to the needs of users* S35
7/ . : N "N . . .

4 . . . . . . . 'q‘

. a

ected data .

- - .
. . . . .
. : .

A

*It should be noted that ﬁependinguon the capabilities of the user and the data
processing facilities he has available, the user may wish access to the .data at
any one of several stages in processing of the data; this is sometimes referred
to as "multi-tiered.access." , - ’ . ‘

-
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Software costs foy’ development of’algorithms needed to process .
raw data (spectra analysis, change detectich, ‘characteristic
signature extractior, image scaling, ‘etc.), - -
! . €osts of converting the uéE}'SAexisting data handling proces's
. - .

to usé new information- . '
. P 3

o .

. . . L o, ]
v, Mﬁnagement and administration of the groand system
. &

. . . , o [

. These categortes for br akdown of total systems cost should be used for space

applications ‘analysis 4nd ‘projects, |, T B - '
® ' Cost esgimating iswa fgirly well developed discipline. When a new pfoject
~ is' not too yadically different from prévious projects,” rather accurate estimates
" are possible. In general, the best estimates are those based on past-history
with learning curves applied where appropriate. A note-of‘Wanniﬁg, however, is’
appropriate today. Both the Department, of ‘Defense and NASA have felt the
pressure of budget constraints in the last several years and have passed these
pressures on to the industrial 2Bntractors who serve them: Such commercial
equipment’design concepts as "design-to-ceet" and "tost-targeting" are starting
to be extensively used in space.and militsey hardware. Potential feductions in
‘cost of 30 -percent or greater are not unusual with this "new' ethodology. Some

inie}ligent acaounting of the effect of these concepts has to He factdred into

\ . . . . - 3
\* 'the cost analyses which are ufed to assist decision-making, effects of this

" approach can be seen, for examﬁie, in the difference between the currently -
'\ projected costs of the space shuttle and the origihally projected designs and _
\ coghs. Since the ratio of costs to benefits can be improved markedly by lower-

Aing costs, the next section covers a few of the Panel's thoughts on cost ¢
mipimization, , - ' ) I ) S RPN

’
S . . < - » ® » N

. L3
Ve . .
K . _ . —
- g . —tt . L >
. . Y . LN R -~ o, .

CostMinimiza‘tio‘n_« R - R o - y

 Minimizing the costs for space system hardyare.and softiare must be a key _

objective for all the gXoups involvéd in these Programs. In any .comp'licated
system, the decisions whjich havé the most impact on total cost are,the earliest
decisions. As the system eyolution progresses, the options for change to }ower-
“cost alternatives are decreased as the costs involved to make .the change often
cangel out the savings. System analysis, breliginaryddesign,’aﬁd cost trade- .
off analyses should, therefore, be done in detail and then reiterated several
times during the‘system‘conééptual stage. Competing studies with cost as a .
yardstick can be very useful at this stage. Maximum use needs.to be made of
dlready esisting designs. One of the mo ,common mistakes in‘“developing a nev
system is to make the whple -thing new even though only a portion really neegs to
be new, Both program rigk and cost are a direct function of how many new "fields"

' one tries to Mplow" simultaneously. Copsiderable management discipline is -
required to control this' design proceSs,. but the savirigs are well worth the . .
effort, 'It is questionable in the minds of the members of tHis /Panel whether

* NASA has prag;iced this discipline as much as it could have, pzzticularly with
regard to thé use of hardwaré‘developeﬁ by the DOD. The syndrdme referred to

as '"NIH" (not invented here) exists in both orgapizations. The.shuttle deésign

philosophy removes one of the main excuses that has beeQ.uSed'for unneedeg ,e
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\\Xedes1gn in the past -»'hamely, "It won't f1t” in the spacecraft. The Ranel z
:beliéves that NASA management should direft part1culan attention o' Opt1m1z1ng = .
.this advantage, and fdrce. 1ti’techn1cal groups. to abandon "change for change s, -
sake." - Lo .
0f course, modular des1gn approaches, using ag much standardlzatlon as * o
feasible, shodld be utilized. (NASA has focused on this approach in most of its =~

scientific and appl1cat1ons satell1tes 1thhe_past few years with good,resﬂlts.r
Var1ous bra#ches of DpoD’ also have dg sive programs: for "buildi . /
standard1zat1on and .NASA .éngineers 5ﬁ$§ d Xeep abreast of what is avai le : *

from DOD and shouid maximize their use of DOD-developed, hardware systems. < N
. Ig ;addition to this emphas1s on common use of hardware, standardization {ﬂ;.}}ﬁl
between dser requirgments should be’ pushed. Such stanrdardization ¥§{ only ..7 'y

would bring.economies of multipurpose payload deslgns but also ~wou significant- _
. ly lower software and data handling ‘costs, - & ‘ v ,
° Several new factors in payload cost have been 1ntroduced wzth the’ advent of -

3

.thé shuttle program, "The lessening of constrarnts on wolume, we1ght and p ]
consumption and the option of having a person help caery qut the- experiments % . !
sshould make possible large reductions in exper1menta1 payload costs., These _ .
savings have the advantage ‘of lfﬁhtenlng the 1n1tgal (front-end) costs On’spec
lative ;experimental programs. and deferring the costs pf a fingl operatlonal’ syste
des1gn‘unt1l basic concepts are proven,. - There is not only a direct cost saving .
here€, but{erhaps a more subtle point is that programs which do ot requl&such
a large investment to check out feasibility will be easier to terminate i 1f the
igesults are poor or marginal. - -

Any discussion on cost minimization wotild .be 1ncomplete W1£hout coverlng
two of the most insidious cost growth factors, inflation .and program deferrals _
(stzetch- -outs™), both of which are generally beyond the control of a program
manageg ‘Labor cost estimates are generated originally in man- -hours and then3
converted to dollars‘at current or projected man-hour costs. This @rocedure
puts a squeeze on fixed dollar allotment programs when the inflation rate .
exceeds. prediction. , Its effects™ave bee sed unfairly to.cr1t1c1ze‘program. .
.overruns and unrealized cost obJectzves.’aﬁgth today s exceéalngxy.high-and. S =
unpredxctable inflation rate aggravating the situdtion; NASA  might .be, well S
advised to keep botli .program eoggdpfedlctlons and program execution costs in . . . .
.equivaltent man-hours both for ‘Keeping track of and dlsplay1ng 16 others how . : -
well they did in estimating. and controlllng labor’ expend1tqres N .

With the combinatipn of budget pressures and 1nflat;8n cont1nuousl{ lower» S
ing thke man-hours per year that NASA can finance, there_has been a result o

[

-9
ing .
tendenty to stretch ‘out PIPgramse This delay no{ only ° grawates “the "gpparent"
‘cost pfoblem (in dollars) by' pushing work S£f into highe xnflatlon years, but
it cduges a very real (and:significant) effect on total manahours regu1red -
particularly on progrdms that are already well under way agd are based on & .
' shotter, more Opt1mum~%chedule. The benefits that NASA space appl1cat1qns proj-
ects offer can perhaps be deferred, but 1neff1c1enc1es caused by stretch-out _

are*a waste of publi¢ funds., Hardware programs should got be started uniess -
there is full determination and long term fund commitment .to carry them ihf’ﬂgﬁ ,
oh the original schedule. A smaller numher of total programs may be called U

for.
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hardware dévelopment and spacecraft launching servicgs to other agencies and
private industrg{. Ateention to z rgtiqndl'pricingzb icy is therefore needed.
in the past, pricing policy has served only to reimburse costs incurred on
- a particular project,or launch. The prite was set equal~fo intremental costs .
imcur?ed; no"additional Cthargé was devied for "amortization" of previously
expended R&D funds. Since NASA's mission_is to provide R§D which will Benefit’
the vwhole nation and since the fruits of this research are equally available
»to all, there seems to' be no ratidnale to call for any recovewy of such "sunk
“. investment." . The argument might be made that such investment ‘fecovery would be
‘desirable te help finance further R§D, Hut thiS concept is not consonant with.
NASA's role,. Fg;iher, onice an R&D investment has been spent, the. greatest eco-
. nomic good ffom -the results occurs when veryone has use of those results at
incremental costs caused by hi§ use of the serviee. Typitally, facility costs
‘hich vary.with the volume of work have been included as incremen costs’ at
some equitable amortizatifn or lease rate. The Panel has no disafreement with

.~ this.previous NASA policy.

T systems’, .
s . . R ‘, - ; . ) LY ) . ) ~l_ i
» The system should not significantly interfere with the free
market iqterplay of competitive fgrces .. v
" The economies of scale (learning curve) that give lower costs *
* *1ih the future should be shared with the shuttle customers - 7'
- There should be some reasonable flexibility for change in policy * :
OB - as.more operating emperience is gained. -
s T ~ - .
=

.

The shuttley with its large multiple payload capability, opens up a whole

new class of pricing.problems, however, which needs to be addressed. Since

- several groups may be sharing the costs of a single launch, an equitable mult%;
term formula needs to he derived. Ideally, the terms in this pricing formulaay,
should track.as closel¥f as ‘possibie the incremental ¢osts incurred for that
factor, 4Q§§;§11,‘the pricing should he structured so as- to, encourage, as nearly
as practicyl, a fal{‘payload for each shuttle launch. ’ '

Shuttle pricing policy could have purposeful or inadvertent esults such
as acquiring new cpstomers,;iimiting number of customers, giving preferefice to
certain classes of customers, "squeezing out" competitive launch sSystems, etc.
The pricing policy selected to accomplish NASA's overall objectives may be one

* of the most crucial decisions on the shuttle. The wrong pricing policy could
well ruin the whole system., A caréful study of, and comparison with, the rafl-
road pricing system may be in order as-a prime example of how not to proceed.
Other considerations are; - . - - L

- N
~ -

< - LIRS
The policy should'be structured to avoid reqairing NASA to

provide launch services indefinitely for operational space

%zg' NASA may choose to underwrite some launch costs on.early shuttle flights
to attract early customers and to offset somewhat the risks inherent in early
flights of a new vehicle.” Thatk is, the underwriting may appear as a

. e S : -4
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"\ Ib’ﬁéf'be expected that thé;e,will continue to be a need for NASA to "sell" -




o\ FCY . y

.
- . . . LI

‘development cost. It should be clearly 1dent1f1ed as such and not hldden in
some way as to mislead the shuttle user as to his eventual operationil costs.
Similar questions arise in considerihg the price placed on sale of the
data which emanate from all the earth resources satellites. Clearly these data
should be made available to all and in any forn readily available from the data
chain (i.e., from.the telemetered radio frequency signals to data in.digital
form, to partially processed data, to fully processed data) in order to give
maximum flexibility and hence maximum utility to potential users. Pricing of
these altematlves requires careful study, however. Prices which are bésed
on incremental costs for providing such 'data taps" should be considered prime
candidates. There will be arguments that the most economy will be realized from
éne massive digital data procéssor for all users and hence only fully processed
‘di%a should be sold.’ While this may eventually prove to be true, it should be
tested in the marketplace first by letting all varieties of data reduction exist,
Certainly the eventual economy of such data handling will depend on the develop-
ment of more clever and more efficient software aimed specifically at a certain '
set of user, needs. Experience.suggests that small, young, entrepreneural cori-
panies will do this development best, partlcularly in the early stages. Pricing
,policy might appropriately be set to encourage such companies but in no case
: should it be shaped to discriminate against them. ' . .




"note that the fiost important type of output, insofar as benefits are concerned,

" by a space sensor to reach a point where we can attempt to estimate a benefit

- . N ,
. . i
' BENEFIT ESTIMATIOP‘

”~

BACKGROUND - s
¢ ’ - . ’
Defining and measuring benefits is the single most difficult challenge in i
assessing the merit of progréins-of the sort under review by the user-oriented .
panels of the 1974 Space Applications Study. In evaluating particular c¢haracter- |

istics of space applications being considered by the user-oriented panels, we

is information, The central point to be made-about the benefitg produced by
informagion is that they arise if, ard only if, the’'information changes the ‘eco- ¢
nomic behavior of one or more individuals or,organizations. Information has no
economic value unless' it is used and positive change occurs.

. Thus, we must ‘go through an often complex chain beginning with data acquired

appropriately attributed to the acquisition of data. That end point will find
some economic "actor' behaving jpre’effectively because of the space-derived .
information made available'to him. . .

. -

z " ESTIMATION ELEMENTS % .
There are usually three poésiblé apbroaches-té the sﬁégific evaluation of
benefits from fedetal government programs. These are: .,
1. Benefits in terms of cost sdvings (equal capability éﬁalyses); .
where the capability of each alternative is similar, and the, ‘-
* - goal is not questibned. , . b : . e
2. ‘Equal budget’ analysis, where each of the alternatgves,coqsipe;ed ’
is allowed to spend, in the operational phase, the same budget. .
Thus, in addition to the cost savings for the same service level, -
a value (benefit) has to be measured for the added service of the o
same- kind made possible by lower operating-cost systems, ' _ .
* - - ~
5. -New capability benefits, where the service provided by the new
systems is different in kind from anything now provided, such
that, in principle, analyses of type (1) or type (2) cannot be
s - performed. ’ '
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.- .+ Figures IV. and V illustrate the scope of each type of analysis. Each
analysis has to be goal (operations) oriented. .Each type of analysis may be:
applicable at different phases of the investment process ongfpr a different type

. of application (investment), o : .

Also -- and most important.-- in.any one of the above types of benefit analy-
ses, the goals and the capabilities reqyired or promised need clear, precisé
definition, since these will form the basis for any reliable investment amalysis,
whether public or’private. Often, particularly in the eatly stages, the "benefit"
of_benefitlanalyses may be precisely to force the decision~maker to a clear

~ definition of capabilities needed, .

Finally, if .alternatives exist to achieving the same or similar objectives,
these need equally detailed definitiod and amalysis. h .
. ’ L& 3

.

C e X
. . . - SELECTING THE PROPER "METHOD OF ANALYSIS e .
-~ " "\

. As indicated previously, a benefit accrues only when positive change is .
induced by the utilizatiom of the information from space. We must then ask a .
crucial qusgstion, i.e., "Who can benefit from this new information source?" “

.The answer must be framed in specific operational terms, that is, specific

- end users, or specific end use problems, or specific new opportunities made
possible by theé availabhlity of this new information source. . -

The benefit estimation process then becomes one of estimating the change )
made possible by these data. .Schematically, the change'can be represented as: '

BETTER

SPACE INFORMED . ’
DAIA SYSTEM" . . v
_ ¢ , , ’ ‘e ° \
_ 3 : : b

.

The analysis required to estimate the value of this information stream
¢« focuseg_on four Key questions:

. . How "large' is the current system? ) .

How fist would it grow without spade data? ' ) ' .

How fast can it grow with space data? 7
. t *

Are non-growth factors, such as lower cost of information of' *. - ’
improved distribution, significant? .
. .

.
. Al .

The last question suggests an important element of the analysis. The: ¢ Y
investigator should seek to identify the total gain possible from the use of nlew
information. At the outset no attempt should be made‘to reduce this theoretical .

. potential benefit by virtue aof any organizational constraints (user or provider),
.\ L - * '.
@ . "18 . * A
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. The first question {How large is the current systen?) is a crucial determi- ‘
nant in the choice of analytical methodology required to quantify the benefit.
In simplified terms, jt is useful to deternine whether the benefit accrues in
a single diScrete sector or whether it is felt across multiple s&tors of the

national or world economy. ,Ké believe that the analytical tools needed to evalu-
ate benefits are different for each area and will discuss them below. :

.

[
y, SINGLE SECTOR ANALYSIS

. In reviewing the space épplications being considered by other panels in the
present study, the following ones appear to be exanples of those having their
greatest impact on a single, or-at least a’limited number of discrete "end user"

SECTOTS: . . _ .
b 4 . . »

Extractive resource exploration ’

»

Marine navigation

\ . Commercial, communication '
. N - - ° 'y . . -

Biological processing in space n
.

* -

In each of these applirations, it is possible to quanti® the expected
benefits of new information via an aggregate macroeconomic analysis, that 1is,
a sector-specific econometric model to determine the value of RED expenditures ’
on the <communication sector. This '.top-down" analysis can proévide a useful
benefit estimate. . .
. On the other hand, when the new information affects a linited user ,base,’ .
it is possible to employ cenventional ingdustrial market research nethods to
establish the current size and growth rates for the user sector being evaluated.
For example, in the case of @il exploration, industry data.are available
to identify the total current expenditure on exploration. The first question
* above concerns the size of the current system. The industry could also supply
data which would roughly establish the rate of growth of the current system,
namely, the value of new resources expected to be discovered as a consequence of
planned future exploration expenditure. This information yields the growth rate
without space data. PO ‘ ' :
Iy * The growth rate with better information frém space can only be developed
through detailed interaction of the appropriate space techriologists with experi- .
"enced petroleun geologists and petrojelm ecomonists. Their task would be to #
establish the value of incremental new reserves whic¢h could be found, in the :
same time period, as a consequence of improved drill site selection using infor- .
mation from space. . ' :
In the initial stage of formulating a benefit estimate in a particular
. application program, the focis of the analysis should be on identifying the )
maximun gain possible. Consequently, there must be an effort to credtively ‘.
evaluate the potential utility of this new imformation. As data are provided from -
thespace system and experiente is gained in their use, the initial benefit
estinates can be refineg, 32 ., -
‘4 . R \\ . . 4 \ .
‘ ' ) 2b )
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The sapé~3ype of analysis can be applied to other natural resources subject
. to irproved exploration as a result of spage-generated geological data, The
total benefits can then be aggregated and measured against the cost of providing
this inforration. : ‘

MULTIPLE SECTOR ANALY¥SIS

While.the following space applications could have an impact on a single .
user”sectar, they also are examples of those which can affect more than one dis-
crete sectoris - : *

Weather and climate 7 .
Environmental quality .
Inland, water resources '

. Agriculture -

. Land use planning o .
When applications have potential for providing benefits to a number of
. di1fferent users or sectors in the economy, it is more difficult to quantify the
aggregate magnitude of the benefits. ° :

In the case of benefits derived from public services and.provided to multi-
users at no charge, or where charges have little or no relationship to the ~
anount of the service consumed by the various users, one can attempt to evaluate
the benefit on the basis of an estimate‘of a ''shadow" price for the service in
question: 'What would people pay if such a service were sold?"

Y This is, more readily done where goods or services comparable' to those pro-
. vided free or at nominal price by government are also sold by private producers
(for example, recreation services such as camping facilities). Estimates of the
. benefits provided the National Park and Forest Services have been derived,
based in part op/the prices people are willing to pay for comparable commercial
facilities.. . ' !
+  Where. thele are no comparablé services and the users are not easily identi-
fiable, as is the case with applications which tould lessen traffic congestion
S~ _or control pollution, then one must look at the extent to whieh services pro-
vided by spate systems are or could be directly responsible for a positive change
in the degree or severity of the condition. When the degree of improvement has
. been assessed, it is then necessary to identify the users who benefit from the
change. In many cases, these benefits may have a broad socioeconomic impact and
therefore they may not be easily quantifiable. , In this event subjective esti- .
mates as to their ultimate value will have to be made.

. . .33 N e S
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A » - ORGANIZATION AND MANAGEMENT*
Inherent in any inve$tment study is a reviéw of the organizational structure

‘and managerment concept, intended to support that investment, to see that it
is adequate to generate.the proposed return. :

The Existing Structure

As to space, applications, it may be expected that NASA will operate the
space shuttle vehicle and services and that 1t will continue to operate those
expendable launch vehicles which are programmed into the mi1d-1980's and which.
could continue to be utilized should economy of launch or timing of mission
dictate, It is assumed that NASA will operate the experimental satellites.
Beyond these points, management and institutional responsibilities for space
systems intended for nggtical uses are not yet clear, .

R

X

A}

. bd .~

The Opportunity - . ’

There is at. present no designated organizational entity fesponsible for
coordinating, integrating, implementing, and managing the multifaceted potential
space systems, . . ,

These potential systems include satellites and.ground systems to acquire,
interpret, and transmit data to large groups of potential users. A one-for-one .
relationship between the user and the data system does not exist in most cases.
To meet user needs, sensors must be developed; sensors and support systemg must -
be combined into experimental hardware; the hardware must be integrated ?ﬁio a
total mission plan involving myltipurpose shuttle missions and/or expendable
launch vehicles; ‘ground systems must be developed to receive the data and to
translate it into the user required format; transitional programs (to demonstrate
actual operation of the system) and operational systems must bewimplemented.

These activities require an orgsnization structure with‘a high degree of .
semsitivity to uSer needs, an ability to develop effective user working groups.,
and a capability to establish policy, particularly. as to cost, price, and fund-

_ing requirements, © o ' :

" The Function . 5

The function to be performed may be descrilied as that of a "general ‘manager"
of space systems for practical applications. The general manéger would coordinate
the user requirements, market the technological capability, conduct, the necessary
market ressdarch to expand the user market, and manage the development of neces~
sary:ecgnomic information to satisfy the investors.

N -« -

¥

*See also, Report of the Panel on Institutional Arrangements, Supporting Pé;er 10,
Practical Applications of Space Systeme. Report of the Panel on Institutional

" -Arrangements .to the Space Applications Board, National.Research Council. National
Academy of Sciences, Washington, D.C., 1975. .
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" The Investor
. At this ‘time, the federal Office of Management and Budget, perhaps
because of impending fiscal constraints and perhaps also sensing a pyramiding of
uncoordinated requests for space applications funding, has directed that all new
, programs for fiscat year 1976 in thé'Sp%Ee applications area be subjected to
cost-benefit (invastment) analysis. It ig cthe Panel's opinion that this request
caomot be efectively responded to in the present wncoordinated structure. .
There is need to designate a "general manager" responsible for satisfying this
.requirement by effective implementation through user working groups, including
the private sector, ) S

PR A .

The Cost-Benefit Requirement

The need for cost-benefit (investment) analysis should be apparent from
Figures VI and VII. These figures also illustrate the need for an applications
general manager. Figure VI depicts today's situation, where uncoordinated multi-
agency, multi-idea requests are being generated far.in excess of dollars avail-
able for applications programs. Programs are being approved or denied on a |
judgment basis within dollars available without a specific value discriminator,
Figure VII depicts the same idea generation, with agency requests coordinated
among agency, user; and general manager, filtered through an economic discrimi-
nator, and rank ordered, leading to approved applications having the most eco-
nomic benefit, - *

It'is conceivable that proper utilization of the cost-benefit or discrimina-

' tor technique could result in increased investment for applications. -

The Agency
The role of the NASA Associate Administrator for Applications should be

elpanded to include the responsibilities of general manager in the early stages

of all applications.’ The general manager's role should be continued through
-all phases of any given application, but for the operational phase the role .
‘should be assigned to the agency responsible for the operational system. The

general manager should execute the functions described herein and should
establish goals and missions for all user organizationms.
In assuming the general manager role, it will be essential that NASA estab-
lish a strong service relationship with all users (including the private sector)
for: .o ’ N s .

LY

Applications planning. : T . .

- -

Experimental progran téchﬂdlogy planning and qésgﬁination

" Costing and/or pricing of th€ service .
. h Y N ¢ R '3
Dgtermination of who pays for what

Data dissemination policy
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L, : .
» Developlng a policy for commerc1a1 1nvestment related to con-" .
tinuing” government 1nvestment A . -

It should be recogniZed that NASA, in the role of general manager, need
not and should not be staffed to do the total appllcatlons task, * NASA should,
however, develop the capability for systems ‘applications in the areas of require-
ments planning, market research and development and socioeconomic analysjis
and should provide this capabfllty as a service under the guidelines deveioped.
This system should result in clearly delineated goals (including cost-
beneflt) and missions, inciuding timetables for all. major .organizations and

Should provide the proper tools and alternatlves to develop fully space appllca-
tions, . . § o .
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\ _ . °CANDIDATE PROGRAMS FOR FURTHER‘STUDY . , b
. . OF COSTS AND,BENFFITS SR NG
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— The Panel, in reviewing previous studies of practical uses of satellites,

was struck by the fact that most of thesy tended to be driven by the available
capabilities (or future projections of same) rather than by the need. That is,
there was a' "svlution" Moking for a problem to solve. While this viewpoint is = .
vseful, a perhaps more fruitful approach is to start with key needs which are
considered to have very large economic impact in the future and then to see how -
space derived developments can help, -This kind of focus is one ‘that a user
community would have applied to previous studies, as opposed to that of the
+ technology developer, who quite naturally sees the driving force as a n?w techni- .
cal- development. ' : . 4N :
The Panel recommends that broadly based cost and benefit studies be made .
in the use of space systems as applied to the following fqur' key areas: food, X
energy, ninzral resources, and communications and navigation. The basic advan- ‘
tage that permits space systems to make specf?ic and important contributions .
is their global capabilities. Economic.problems and opportunities in these key -
.areas are recognized to be worldwide problems, rather than solély national or
regional problems. This interdependence among countries and amdng prdblem areas
(energy and food, e.g.) requires worldwide, timely and accurate services, infor-
macion, problem récognition, and monitoring. We may not prefer these develop- ,
. ments, but they persist. . _ oL T S . .-
7 .The same capabilities of providing services and information are also useful,
of course, to individual regions, cguntries, and areas within countries. It is,
in fact, these benefits that largel)y motjvate natiomal space application efforts.
Vo It is the global capabilities that/ e Panel believes will be tKe source .of “the
I '+ true ultimate benefits.of space gystem applications. However, the problem be-
comes one of concrete specification: how can space systeZ[ help in any one of -

.

these areas? .. .
Clearly, the contributions of space systems to econofiic problem solutions
. .'op earth are complex. To be assessable, the contributions must also be ‘direct.
i ‘The contributions that space systems can make have to be considered in a systems - -
“context, where many and probably most of\ the activities are carried out on the .
; "~ ground, .Space systems are complementary, but sometimes decisive, component -
5. of these earth-based activities. , - ! : :
. " One type of contribution, increased production of goods and services, is
easily understood. Thé purposes of econdmic assessment in this.case are 'qhi&fly
to verify the claimed technical performance, measure the output, and assess.the
demand for tHe added {or mew) product or service, making allowance for the
‘y °
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price level of the-product offered in comparlson to its closest competltlon. |

. Such an assessment is not easy, but it is accepted as "real " engt only by the .

. - innovatorp but also by the pﬁbllc' _the e;tecut,we off;cers of govefrnment , and the . 1
e

1mproved? Thrs second type of contrlbutlon where total phy51cal quantztles\V )
stay ‘the same is nuch more difficult to comprehend and to accept, yet it is the .
consensus of the Panel that it is. precisely in this area where many of the eco- ~ ° -
‘ nomic opportunities occur today, and d1s6 where space systems can make lasting
contribution: to gather needed 1nformatlon gn a global basis.
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* The demand for and the supply% food today is in a de.p.cate balance, both
dopestically and worldwide, Projections, of these two factors over the next few :
. ¢ years afid decades have been made elsewhere, but the seriousness of the worldwide '
) "balance of supply and demand in food, by ‘crop, is generally accepted. | - ’
- 7+ " In the fall-of 1974, a worldwlde conference on food problems was scheduled ., . -
by the Food and Agrlculture Organlzatzon of the United Nations in Rome, However, -

o -to formulate short-term or long od policies, domestlcally and worldwide, .
‘ 'one 1deally would have to know whe i&¢ facts are, worldwlde, in a given month o’
or even in a given weeR, For examp ¢, if the stablisfifent of a domestic, - * b

reglonal or worldwide food fund is to be Serlously considered, it is advisable .
to know what size inventories exist, ahd whdt influence on these 1nventor1es
fEsults from contlnuously changlng condltlons in cllmate, acreage,.management
practlces crop conditions, agriculture golicy dec151ons, opening qf new lands),
and progression of agrlcultural calendarg worldwidel region by region, country’ .
by country, province by province. It ;s‘Bnly when we know where the shortages .
. are, when they are likely to occur, and the extent of the shortages, that we'.may

proceed to distribute the resources from areas of’surplus to areas of shortages
either through world market price mechanrsms (supply/demand) or through govern-

. ment policy decisions in.terms of large scale, often long-term trade’ ‘agreements,
This process, ‘either that of the market place or that of inspired government

~2
v

L ol

. pollcy, is helped by -- and often only possible with -- accurate, tlmely,lnfor- Y
mation, not only on one's own food resources, but. also on those of every other '
c S major region. - .

.The’ worldwide 1nterdependence in food problems shows up in unexpected areas.
For example, the drastic decline in the anchevy catch off Peru.im 1972-73 .had * - .

a major impact on the availability of fishmedl for animal feed, which drove. . i
up prices for soySeans (a~substitute) in the.United States.and, in turn,.led to { ”
a temporary embargo on soybean exports to Japan with. ensuing adverse effects L e

LY

on Japanese diets and living standards. In® the agricultural case¢ study example '
discussed in Appendlx A of this report, we will mention theapresent precarious R
worldwide ‘balance, in food grains., Some of the information meeded to cope with’

“this problem is clearly not available. ih reliable form,from present sourees.,: T
+ ", . Information gathered from space wiil not eliminate’ likely food shortages, ’
) at least not now, but it will help t1mely‘dec151on§ on a worldwide basis to |
overcome ant1c1pated shortages before they lead te large-scale starvation 1n
whole-subcontlneﬁts. These évents max occur w;th or Wl%hout Better 1nformatzon, »

>
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but it seems clear that these problers can,b'e‘ significanfly alleviated, 1f not
eliminated, by adequate worldwide informatiom, - . -
. Some of the measures being considered (eig., a $20 billipn food grain fund) ‘
involve inventories which clearly can only be built up and then distributed .
with the help of a worldwide ':i.nformatigg system, This $20 billion worth of food.
grains, for example, would have-to come from somewhere, yet stocks.are depleted
&t this time. The amount of grain. that>$20 billion will buy is largely determined
by when, where, and how much is bought by the fund, We are talking here about
.- 100 million metric tons of_food grains, whereas the “Russian Wheat Deal" ran only -
“to 10 million metric toms.Clearly,-to pursue national policies in agriculture, .
" dpmestic and worldwide, we need timely and accurate information that does not .
exist today. Space systems can assist'in'provi‘ding‘it‘. The Panel believes that,
'’ space-systems, integrated.with ground information, can_grovide the necessary

~

)

information by 1990, ) , . ) ) v
: oo N h . ik
- - \\- ) ~ ’ f 4
° . ._° . ENERGY SOURCES ANB DISTRIBUTION' - ,
- e o N 0 . 3 '
" "The exploration, ‘development, distribution,. and consumption of energy ~

. resources cleanly are now global problems. A recent report on the subject says:
. "The w rld-wide nature of energy has now intruded upon our daily °
lives), Whatever courses of action the United States ultimately *
. takes to deal with energy-related problems, the ramifications of '
ot world energy realities -- the.preducers* tartel, tke Arab-Israeli
) coni_’).,ﬁct, the monetary system, the global environment -- must be
“- -+ .~ -taken into account if they are to be.realistic. ' The problems will
s MOt be solved in isolation or by groyps 5f mations confronting each
"%, Other. Accommodations must be reached that protect the legitimate S,
. ‘interests of buyers and sellers, rich and poor, This will require . ’
international discussions in. which-all can participate.

-

‘.
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s ~"The mo5t immedizte and real problems for most people in this wordd ° .. s
- > are th€ shoftiges of fuel; fertilizers and ‘food in Afriea, South ]
- - 4sia amd farts of Latin America. Imaginative and .generous forms of

ol multildtersl assistance to these people from the industrial nations =
~ -. and oibexportgrs are needed,"* N :

~

‘= The extent of domestic energy supplies, the extent of enérgy-iqorzsumption,
- the dependér,ice upen- energy impq'ijg, ‘the interdependence of energy issues with
world monetary flows, and conglictiag pelitical interests and goals are-issues _
that will stay with us for.the rest of this- century. N v S Tl
In Iooking at the contributions that space derived information may make -
to-solving energy problems, to improved production or distribution, or to
" iefivironmental monitoring, the Panel.does not expect space systems to play a

- . . .

-
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*Egploring Energy Choices. Preliminaty Report of the Energy Policy Project of the
. Ford foundation, -Ballinger Press, 1974, p. 20. "« - - oL
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dominant role in the near tern. It is in thé exploration, development and
‘ exploitation of energy resources, land based and .offshore, that :the Panel
- belieéves, space’ systems can-make significant contributions.
. . The Panel has limited its comsideratjons to space-based systems and their.
potential contributionsto 3nergy problems. The potential grgngféfﬁbﬁ\space- -
technology ("spin-off") to ground-based “applications, such as solar heating and
cooling processes, the transfer of hydrogen téchnology, the application of tele- .
operator technology in land and offshore mining operations, are all possibilities
worthy of examination.  Yet, they are not strictly space-based applications
2 programs. . " ’ :
& In this restricted sense, then, the Panel considers that space systems have
_ very important near-term potentials as a.part of large system providing for
energy needs as follows: - ‘ T
Operations of offshore oil rigs: With the likely expansion of -
the - use of ocean resources in the 1975-2000 period, the predic-
tion of sea-state, weather and wind conditions for operations
of o0il producticn in offshore systems is a major, direct eco-
. " nomic potential. In‘'reglons of adverse sea-state, such as the
, North Sea, offshore Alaska and the Canadian Arctic, considerable
operational hazards and costs are incurred. Dyring the winter-
nonths of 1973 alone, insurance reimbursements for damages in the
. - North Sea oil rig operations were $35 million. _Offshore field
. operations are gll impeded by certain levels\of severity of ocean
- " ‘'weather conditiéns. Production is the most-critical phase of the

Nt

mental *conditions and improvements in.predictiens of these
. .conditions. Substantial economic benefits can be expectedfrom
space applicatioms programs. Based on experience in the North
Sea and a careful extension of location of these results to abeut
400 offshore drilling rigs operating worldwide in 1974, new
' space systems presently conSidered by{NASA for development can
- Yield benefits. of between $100 million to $300 million, by
igprovemerit over present (including present; space-based}. senssng
systems. - - ) ’

. .
- v -

‘ Routing and scheduling of oil tamkers and liquified natural gas_
. . . (LNG) ships: Specific systems studies need to be undertaken to °
. analyze the potential contributions of space-based sensing and '’
comynicatidns ‘systems to the routing dgglarge scale tanker S
. ) -operatiens. Specifiq cases involve the Alaska to West Coast 0il
B | *  transportation problem, Middle East to East €oastloxl and LNG -
tanker routing and scheduling, and posgibly, Arctic tanker opera- . _
. tions. .Methodology is available for such case stiidies. An_ =~ .
’ example is included as.Appendix B. . -

~

»

-

. . [ - . -
Siting and monitoring of land-based and offshore nuclear plants: =

" It is believed that a Variety of present and fufure quge-Base&Qv"-'~
sensors could contribute to environmentally acceptable operation
of larger scale-offshore structures, with adéquate warning of - <
possible adverse conditigns, - v .
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United States and worldwide monitoring of oil spills and predic-
tion of adverse seg states ¥or avoidance of oil spills: As oil
tankers have inqre;ed in sizé, oil spills have increased in
seriousness, both in terms of the costs of damage to shores and
. to marine life and. in terms of the cost of containing the spills
& and recovering the oil. The potential for accidental oil spills' .
.and illegal disehaTges is very high.*. .
Many, if not most, of the major spills afg fﬁe result of acg¢idents caused
ﬁ} 1nadequate sea-state, routing, or navigation inférmation. For example, an
Alaska to West Coast transportation case stugy shows that. the probability of
tanker collisions in large scale Gperations expected in the period 1985-1995 is
very high, assuming presently available sea-state and routing information. .
Currently, information is almosf‘invariabf? quite old by the time it reaches a
ship. Improvements in providing real time information could be provided by
using spéce systems. An investigation into ,the likely contributions of SEASAT,
SMS "(Synchronous Meteorological Satellite), and other new systems is considered
well warranted, in view of the' projected probabilitiés of spills and their
seriousness.
It the. longer term {beyond 1990), the Panel believes that space technology
can make major active *(production) contributidns to providing energy. Solar
energy is corsidered te be the "second" unlimited source (fusion being the "first").

s
. RN . .

' MINERAL RESQURCES OTHER THAN FUELS:

v

-
>

" An adequate supply of mimeral resourcef in the years 1980, 1990, or 2000
is-one of the-hation's major concerns,** and the Panel believes that the normal
iriterplay between the factors of price, supply and demand, technical innovation
and substitution, as well ‘as reuse of minerals, will work fairly well -- but in
—an unpredictable way -- to méet most scarcities. - v

The Panel feels that space-based sensing, information, and communication *
sy%tbﬁgtcgn maké very specific economic contributions to the search,for and the
" recovery ofyminerals, today and in the near teim. Air-borne side-looking radar °
systems arefalready in limited use for mineral expldration and the Panel believes
that space-borne gquivalent Systems could be more cost effective. The potential
benefits from the use of space systems can be defined “and measured-in a very
specific context. A methodology.on how this can be done is presented as ’
Appendix B, . R : L L.
Space-based systems can help in land-based and in offshore mining operations.
Some space systems can help in. the exploration and development phase of-mining
ventures. As long as present space capabilities, such as today's cOtmunications
Satellites, are beneficial in these efforts, théy should not be included in the
benefits of additional ney space Sapabilities.- Specific potential space
) z‘ ~ . . i o o J‘ * - ) e N
v . . A ~ 3 .
*S¢e, for exampip, D. E. Kash et'al, Energy Under the Ocean: A Technology Assess-
ment. University of Oklahoma Press, Normam, 1973. Lo .
**See;Yor example, Materials Needs and the,Euvipomment Today and Tomorrow, Final
. Report of the National Commissipn on Mdterials Polity. Submitted_to the Président
" and the Congreshaf the ‘United States, June 1973, T
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contributions.igentified by the Panel on Extractable Resources* should be |

. studied In an overall systems context with an analysis of very specific

. applications. T '

L s
My

" COMMINICATIONS AND NAVIGATION - T - -
From the early inceptions ¢f the potential of space com@unications, .’
through the applied research and technology phase and the prototype demonstra- -
tion phase, the national development effort has been so successful that this
.part of space applications (common-carrier-type commupications using advanced
~ technology, "as typified by Intelsat IV) has been turned over to industry.
\ In the Panel's opinion, the "domestic open Skies" policy for communications
was a further, inspired; and economically stimulating step toward a free market
) concépt of space applications, subject only to the laws of price, demand, and
* supply, with long™lasting beneficial economic consequences to the United States.
_+  Nevertheless, we hale to ask: given the economic success of this part of
the, space commmications program, axe there other major new opportunities in
space communications and navigation that need economic, technical analysis, and
.development effort? “In answer, ‘the Panel feels that new economic opportunities
inde%q exist invall three phases of the innovative process: research and
- development, Yransitional, and operational phases. - , ’
Thé‘Paqel has therefore compiled the foliowing’few comments. that led it -
to the conclusion that there are further opportunities to be vigorously pursued

A

by the-federal;goveriment and industry. Lo g
An integrated analysis of U.S. space commumications needs and opportunities

is required with an outlook toward the 1985-1990 period. By integrated we mean
~a comprehensive ‘assessment of federally funded.efforts during R&D, transitional, ,
"‘and operational pHasesAie.g.,'Department of Defense and other such federal usefs)
A and of industry-funded effgrts. . A clear lead role §hdu1d be assigned, nationally

for each of the three phases. If that lead role is not assigned to NASA (which
- has as a characteristic a motivation to see its R§D results applied to &ivil
use), the transfer of the R&D and transitional phase results to civilian uses
should be institgtionally;assured by some other mechanism in the national eco-
nomic interest, .. i & T N B o
. . The issue df the xole of the federal governmeént as compared with. that of
pribatebindustry‘peeqs'a constructive resolution. Civdilian space-communicatiqgs
operations can be-~institutionally funded and carried out by.private industry. RN
But there are strofig ecénomic arguments for federally funded RED efforts. The,
most dif?icult‘issue‘;o be resolved is the trans%}iongl phase of new technology .

-~
-~
~ -
A

gnd systems. = _ . - . ..
In Tooking ahead to the 1985-1990 period, the Panel anticipates a substan-
- tial further ingrease in the demand for telecommunications' and for new forms of
comunicdtionT On thé basis of best available projedtions to the 1985-1990
périod, we expect about a 2.5-fold increase in the amount of telecommunications
glone (household and bpsineés). This increase is projected with only simple R
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*Panel on Extractable Resources. Practical dAppiications of Space Systems, Supporting
Paper &: Repodt of the Panel on Extractable Resources. . Report to the Space Appli-
cations Board, National Research Couficil. National Academy df Sciences, Washington,

D.C¥, 1975, - . )
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extensions of present ground and space-based technology, dnd at about present
price levels. The technical capability for heeting that projected demandswith

+ present technologys {Intelsat IV or V type) and expendable space transportation
capabilities is seriously questioned.! Rather,-we would expect in this baseline |
projection a substantial increase (by a factor of 2) in telecommunications prices .
-in the 1985-1990 period due to developing limittations of supply. )

Therefore, we recommend that a broad "topldown" reassessment of new space
communications systems for the 1985-1990 period, beyond simple extensions of
present technology, be studied. Very specific R§D and transitional phase issues
that evolve ‘should be geared toward the most economical, integrated use of such
Tew capability. A concerted effort on this particular aspect i% recommended

- above, and beyond the considerations under the first comment.

To give perspective to the magnitude of economic factors in communications
in the next decade, we project total capital investment needs in all the tele-
‘communications sectors to rise from the 1973 estimate. of $70 billion to about

,$150 billion by 1985 (presept extensions of technology). The labor force
employed will stay fairly :gh tant. .
The major quantitative ecduomic findings concerning the U.S. communications
sector and in support of federal \(pot necessarily NASA) RED and transitional
N phase funding are: -
The time lag between successful RED activities and implementa--
tion in operational systems is anywhere between 7 to 15 years.

R&D is the major factor accounting for increases in telecom-

munications output in the 1945-1970 period. The "rate of return"

to communications R§D is about twice that of direct capital

investment after allowing for a 10-percent discount raté adjust-

ment to R&D returns (7 to 15 years). ' - € '
M . 1] N

Most of the R&D and Substantial-portions of thé transitional
_phase effort in the .1945-1970 period were funded by the federal
~ "government. To discontinue this history of proven applications .
. success would sef a dangerous precedent. The Panel believes
,‘that if the Upited States is to maintain leadership, wé have to
continue to push ahead in R&D, including the introduction of

. - major new innovations -in space communications systems. The )
. benefits. and the costs of alternative approaches need analysis. . <?
. ! @
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PRELIMINARY DESIGN-OF'COST*BENEFIT STUDIES

.t
»

In Appendices A and B of this report, two example cost-benefit study
}approaches are presented as illustrations for application of the cost-benefit
techniques described earlier, in this report, The Panel has not had an opport
to review the assumptions and data in these studies in detail and as a group -
neither endorses nor rejects the specific findings presented.. We do believe, how-
ever, that they illustrate useful approaches and suggest some important potential
pay-offs from space applications. : ’

Appendix A is a sketch of a theoretical model concerned with a weekly world-
wide agricultural resources survey based on use of a space systef. This study,
because it is prepared while the space system is in the R§D stage, deals neces-

_sarily in broad terms both as to potential cost and benefits, It does, however,
as discyssed in this report, develop the assumptions made and documents them 4
through(the stages of application from R§D through operation,' illustrating a
methodoldgy to be used in planning the economic s¢ope™of applicdfions programs.

Appendix B is a case study prepared in 1974 to illustrate satellite .effects
on maritime traffic., ‘In this instance, the study is concerned more with the
operational phase, as both the technology.and market application are fully defin-
able. for cost-benefit analysis. The results are specific and indicate marginal
benefits exceeding marginal costs. T ¢ e

« Thesg two cases, at opposite ends of the applications cost-benefit spectrum,”
were chosen to demonstrate those extremes. This, it was felt, would demonstrate
the potential of cost-benefit modeling for investment decision in the space
applications area. . . )
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In the course of the 1974 Summet Study on Space Applications, -the Panel-on
Costs and-Benefits has become incre@;ingly stimulated by the potential benefits
" which have beeqridentified by the user panels. At the same time, it is recog-
nized that thesé benefits can only be obtained at high cost and many years in
the future so that specific benefits are npt fully definable now. 0
Future costs are almost as difficult to-estimate as future benefits. If the
current space shuttle payload model* is realized in the 1980-199% era, the cumula-
tive costs of the space applications portion of the payload model could amount
by 1991 to about $11 billion in 1972 dollars for payloads, launch operations and
data acquisition. 'The paylaad model projects 60 shuttle flights per year for all
uses, of which about 20 flights are for applications missions. A significant
number of the latter-are projected to satisfy private users who might be expected
to pay for the service, having independently judged the benefits to exceed the
costs. ) e ‘ : )
Utilization costs such as data and information processing are in addition
to the above costs and, in some case§}ajhy be muth larger than the direct space-
related cost, Clearly the size of the resource commitment involved dictates
that only a small part of this investment” should be made merely because further
technical development in space is possible. Full, justification must be based

on a national conviction that the poténtial returns from space warrant the size - - R

of the invéstment needed to push the frontiers of knowledge further.

The complexity of the problem and the time and cost required to complete an
objective analysis tempts many to abandon analysis, The alternative is to con-
struct an appeal for funding on intuitive grounds. This is a high-risk course
over the long and evén the short term since it leaves the techn&iogists and
usérs subject to equally intuitive, even emotional, counter arguments.

The 'Panel on Césts and' Benefits was unanimous in its conclusion that a .
rigorous investment and cost-benefit analysis is not only possible but would. be.
beneficial in determining whether funds should be committed to fully operational
syste¥. In earlier stages, investment analysis must, of necessity, be more
qualitative and judgmental, . :

. . . . '\

?:Space Shuttle Payloads: Hea%inga on Space Missions, Payloads, and Traffie for
. the Shuttle Era. U.S. Senate Committee on Aeronautical and Space Sciences, -
October 30, 1973. .
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The Panel has found that previous economic and.cost-benefit studies of ‘
space applications have, ip general, been yell done. Conventional techniques . . |
have been employed which have been bounded -by inputs and assumptions. Such : |
studies have usually been aimed at quite specific, often narrow, targets.. There 1
is now a need for an integrated study approach to applications which naturally
fit together in terms of joint hardware or joint uses. .

The space applications program is now at the point of maturity where more
conventional investment techniques, such as return-on-investment analysis, can
be employed but these techniques must be applied judiciously. Most benefits .
and costs can be sufficiéntly quantified for such analysis, but many cannot. 1

There should be clear statements of objectives and alternative solutions.

A rriori agreements with decision-makers, such as the Office of Management and
Budget,. should be reached-as to dec151on criteria,

The key investment decision points occur before the initiation of each of
three phases (research’and development transitional, and operational). Each
succeeding phase involves increased cost, greater commitment and, concomitantly,
more concrete information on which to rat10nal1ze the pre-phase invegtment
decision. Investment analysis should be, in fact, an on-going process during
hthh estimates of cost and return are continuously refined. - ‘

Investment analysis should include the following factors stated to the
degree of accuracy appropriate to the phase under consideration:

Economic and market researcﬂ K
Cost and benefit analysis
_Teéhnical confidence factors

Management and institutional definition

s

Break-even and return-on-investment analysis
However, studles and’ analyses do not, in and of themselves, make dec151ons but
provide logic and information for human decisionms. ' (, . -
A pricipg pol1cy for ‘the space shuttle, for expendable vehicle alternat;ves
and for application services is needed as soon as possible, The shuttle with g
its flexible payload alternatives and capacity offp:s Opportun1t1es for.cost
. savings by standardization of spacectaft and modules within and across programs,
and opportunities to trade-off hardware and transportation costs,
4 Cost minimization should be emphasized by design-to-cost programs and clear
definition of program requirements ‘durihg conceptual phases. |
Definition and quantification of benefits are probably the most difficult to
accomplish but are amenable to modern management techn1ques applied on a phased
basis. -
Complete bene€1t analysis should include: ‘

. . .

Economic apalysis N

. . Market research .

) Identification of end-usk ﬁ}oblems -~ qualitative
. _ approagh to "solutions" and quaptitative benefits

38

ERIC . .. 48 -




Tar e K
|
5
. Categories of benefits should be separately identified as:
Private pecuniar§ benefits . !
¢ . .. Social quantifiable benefits 3
Social nonquantifiabl} benefits h ;f *

Public policy nonquantiXiable benefits

Y4

- The accumulation of data is not itself a benefit but can become a benéfit
when it results in some action.

Goals and missions should be clearly stablished for all major organizational

sub-divisions, with associated management r spon51b111t1Qs clearly establlshed
throughout each phase and full program life.

Relationships between NASA and users shotld be established for: :

Cost-benefit deteimination

“Application planning ’ : i . )

0p¢rationa1 program implementation \§nh~’////
WHo pays for what \ . "

Y The Panel on Costs and Beneflts recommends that general mana ment reSpon51- ’
%111t) be specifically assigned throughout all phases of. an appfi tiens” program.
This ihcludes coordinating users and user working groups. In the nel's oginion,
NASA should have this responsibility in the eagply’program phases.

To carry out even its. currently assigned reSpon51b111t1es, “NASA has a need

”’,——ior in-house capability -- which it does not now'have -- in requlrements analy-
sis,” market research, and socioeconomic analysis.,

The. Panel on Costs and Benefits proposes the following as candldates for
" further in-depth eost—benef;t studies for space applicationms:

-

>3
r-

Food supply a:i distribution ’ .

Energy igprces and distribution . * o

Mineral resoérces

) . Now
~ Commuijdsat@hs and navigation

¥
‘

These categprles were chosen because they will present major natlonal\éQd
worldw1de problems in the next decade, arid their solution$ are expected to

provide numerous benefits. Space appllcatlons can make an lmpprtant contrlbu- ’
tion to these solutxeg;.

» The Panel on Costs and Benefits has proposed examples for the’ cost-benefl\\\

t
) case models of space applications as applied to agrlculture\(wofldw1de agrlcula
tural survey) and to maritime traffic (oil-tanker routing). )
I \ : ’ '
v ' ' 39, . T
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This is ddhe to make two important points:

Cost and benefit studies can bé done with meaningful
results' Tor decision-makers, at any stage of the life
cycle of a new technology (R§D, transitional and” opera-
tional phases) and . . ‘
The approach to measure the benefits of such programs is
often significantly different from project to project and
for ‘each phase, requiring judgment and broad economic
expertise in the many tools available for economic angd in-
vestment analysis,

[}
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. © . APPENDIX A*
CASE STUDY OF AGRICULTURE (WORLDWIDE AGRICULTURAL SURVEY)

o

¢ »
.

Background ’ . o ’
. : , . s $

The’ Panel on Agriculture, Forest, and Range of the 1974 summer study has
identified the desirability of weekly worldwide agricultural crop information.

In this case study, ad hoc "top-down'" estjmates of the potential benefits and
maximum allowable research and development, trAnsitional, and operating costs**
for a 1990 Worldwide Agricultural (space) Suryey (WAS) are developed. This
exercise is illustrative and is fot presented as a '"hard" set of estimates. In
vparticular, no attempt is made to undertake 2 detailed examination of the institu-
tional and behavioral changes required to realize the potentia}fbenefits suggested.
The point in presenting this example is that for cases where such large potential
gains exist, further detailed investigation is clearly cdlled for. If the kind -
of information system envisioned looks feasible in the cost ranges suggested
herein and if the benefits suggested seem possible of at least partial realization
as more definitive analysis is undertaken, then this application seems to be
a strong candidate for support.” We also Ehink that an integrated view of each
application is needed (multiple systems, multiple users) and that a clear focal
orientation is needed for purposes of economic s well as technical analysis. N

: This appendix presents an uninhibited view of the need for, and potential of,
worldwide agricultural information, It is a generalized economic outlook withqut
the hard, detailed study of economic benefits and costs of actually implementing
such a system, 'Neéds were identified by the Panel on Agriculture, Forest, and
Range for week-by-week worldwide agricultural information on crop acreage, con-

.
»

. dition, and calendats (plowing, planting, growing and harvesting). Clearly this

is an ultimate goal for information, and not all of this information is gathered

*This appendix utilizes information from a NASA-funded study performed by ECON, Inc.,
under Contract NASw 2558 and entitled The Econamic.Value of Remote_Senging of
Earth Resources frdm-Space Intensive Use of Living Resources: Agricultural
Distribution Effects. ECON Report 74-2002-10, Volume 3, Part 2, Princeton, N.J.,
August 31, 1974. ) . .
**The term "maximum allowable costs" is Used here to indicate the upper limit of .
fund allocations, i.e., within the, range 'justifiable by expected benefits. The _
term does not mean that these funds have to be spent. Within the range of "maxi-
., mym allowable costs" the most effective integrated system has to be found to
achieve the expected benefits from the (postulated) capability. :

(3]
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only from space. Yet worldwide, week-by-week coverage cannot but rely heavily
on space sensing systems (ERTS, EOS, SEOS, NIMBUS, SMS, SEASAT, and communica-
tions satellites). ’

Several points that deserve emphasis follow: ' '

Such a worldwide system design :% a long-term goal, ) /// -

Such' a system is very ambitious and relatively costly when com-
pared to present space ‘applications efforts. :

The determlnatlon of benefits to thie United States and to all /
wations needs careful study. ., . > -,
-
The degree to Which the benefits from such information.can be
' realized will heavily depend on how this information is processed
and made available .to some or all users and whether users act on
the information in the directions assumed here. o

Two l'arger questions need to be addresséd now: .

. Do the overall potential-benefits far outweigh any likely,
rationally managed systems costs (R&D prototype, development,
. and operations) of a long-term program commitment by the United
States? . .
1f the answer to this first, question is yes, can such a long-terr‘*
commitment be a purpose and goal of the U.S. space effort, and
can it be undertaken in terms of the investment needed to do so
and in terms of benefits to the natiph and mankind?

s .

‘ The Cyrrent (July 1974) World Food Grain Situation

.As the peak growing season of 1974 approaches, events lead one to believe
this is a ‘year in which the outcome of the spring food grain harvest will be
extremely 1mp0rtant to the economic and political .stability of the world. |Grain
stocks have not been rebuilt since 1972 when large - ‘reductions resulted from poor
crops in many areas of the world. This year 61974), a?'a result of inclement
weather, the spring crops were planted very late in North America and in the
western areas of the USSR. Moreover, the Indian monsoon is now two weeks late
and the possibility of a monsoon failure must be considered seriously. Out of

~a potential world food grain c;qp‘B! 710 million metric tons (MNT), at deast

> : A2

100 MMT are growing under high risk conditions. With stocks at a minimum, the
allowable. margin for error is obviously small. Poor weather in any one of
several key grain-producing areas could result in a world food. ¢risis of a magni-
tude that is beyond our current ability to rationalize. Needless to say, it is,
important that those supplies that are producep be distributed efficiently.
Accurate and timely information about prospective crop conditions is vital to the
distribution prOcess today. Over the nex{ decades, this rious balance seems
likely .to increase in. impof¥®ance. '

e T B
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T4 -_Hﬁe following paragraphs describe briefly the current situatiom as it.exists
'-*in several key areas and indicate the major threats to the crops in those areas.

\ I
L ‘a The spring wheat ctrop in North America is a fast grjowing vari- * ¢ .
* el ‘ety which matyres in 95 to 100 days. It is normally planted ._ )
< ¢ ¥ by late May and harvested by thie end of August, _This year )
‘ N well over half of the spring wheat crop was nof planted until , -

) ‘early June (this was the latest planting in history) and will .A.
§. . not mature untii mid-September. The threat of frost damage is
i vefy real and an early frost could be disastrous. The produc- .
. \3 ing area is boundéd by 112°W and 95°W and 45°N and 55°N. .
S o e ) . E ’
.-y~ The spring wheat crop “in the USSR was planted late also, but
. . Do one knows exactly how late, This wheat is grown in a semi-
‘arid climate in, the central portidén of the USSR and is a risky . |
. crop in any year., This year it is threatened by drought, as v
. usual, but, because of the late planting, harvesting condition
o . may be a problem also. Strangely enough, the hatvest in this .
} part of the USSR is just before & rainy season. THZ coordinates - . R
are 65°E and 90°E and 45°N and 57°N. ' . ’
% The olutcomé of the Indian monsoon while,critical will be well
+ known in the next few weeks. o o
_ Chinese weather information is difficult to obtain, but.there e
. is evidence of drought in the Peking area. Most food grain-‘is - ’

produced in the area bounded by MO°E and 120°F and 40°F and’ T
: ©©52°N, - o St T e ‘
<§/ -/ . ’ - B ’ . T ' ) ' N G )
: Likel} Impact of Information Uncertainty . ; ' ’ . \

r] Lol

. . y .

Extensive economic research is presently ongoing in determining the value of
information in’ U.S. agricylture., One significant ingredient in this determination .
3 is the reaction 'of food grain prices to changes in expected food crops. Any . .

best estimate to date (July, 1574) of this relation between food prices and food
quantities is\an "elasticity of demand" of about 0.15 for wheat (interim esti- .
‘mate), and somewhat lower for total food grains; i.e., a l-percemt rise in wheat . V¥
prices will lead to a 0.15-pergent reduction in wheat consumption and conversely, ~ .
a l-percent redugtion in the eXpected quantity of wheat crops will lead to .
a 6- to 7-perc§nt increase in the price for wheat food Crops. ) " - -

This key finding, when applied to the cutrent world food situation, and
existing uncertaint}es therein,~;eads to the following obsefvations: -

v

s - )

. ' The @istribution value of the 610 MMT not growing under high * .
. ., * . risk conditions will be about $196.billion, with a needed . R
- extreme readjustment of inventory, consumption, éexport, and ©. .
. import decisiops. The value of 100 MMT growing yinder high risk

.would be about)$24 billion’. Many independent decisions and
- decisiop-mfkefs are involved. At these prices, ‘crops presently
not harvest®d or plowed under for the next crop cycle might be

' A=3’
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" this uncertalngy, even with a considerable investment in new techrology,

' . . : . :

\ - 4 . ' - L
. . . B B

'

X ) . N" R N c
. : o ‘5.;} . R
R harvesteq, and land nat now cultivated mlght ‘be opened, or land

. P‘, now only, used 'extensively" m1ght be irrigated, fertiliZed, etc.
" Yet we will not know for anather 8-12 weeks what the adtual con-

ditions of worldwide food crops will be, although these could oo
. be determined to a-major extent, by WAS systems. . ;
- . v ." . ” . . 'i,z\ L\\_“,:‘:. )
épse Y (Maximal Benefit). - . s ” ' N

4

The market immediately expects the worst, i- e. , that instead of 710 MMT

~ onily’ 610 MMT will be harvested. Prices now prevailing (about $161 per metrlc ton

of -food - rain) will rise according to the measured elast1c1ty of 0.15 to a level
around $§22 per metric ton. (See Figire I.) The U.S. grain efport‘volume of °*
$18 billion will.rise to a level of $36 billion atf the end of the Crop exporting
period with un average export revenue flow of $27 b1111on (a heavy cost thlS year
to con§um rs).

If it turns out that, contrary to expectat1ons, all four critical reg1ons
perform adequately, i.e., the marginal 100 MMT are harvested and., next year's * _
production will cont1nue at’ 710 MMT (steady state), then pext yeﬁr there will be
810 MMI- (710 MMT harvested, plus the 100 MMT of 1974 "windfall! harvests) avail-
able foY distributien. Prices will then drop to abofit $80 to $100 per metric
ton. Uhlted States exports w111 drop from a steady state volume of $18 bi}llion .
(1n1t1allyj to about $10 billion (after 12 months), with an average annual volume
of abqpt $14 billion; this adjustment leads to a benefit next year (1975) to
consumérs albeit smaﬂler than this year's*tost. (See Figure I.). The total
social net %oss due to.this present lack of information about what might happen
two months henceé is about $8 billion worldwide, the total U.S. domestic loss is
about §2 billion (about 1/4.of ,the $8 billion), and losses due to U.S. export
dec1saon uncertainties about $3 2 b1111on * Total U.S. losses could be as hlgh
as §5.2 billion. The timely use of WAS 1nformat1on is a. necessary cond1tLon if
these lgsses are to be avoided. : c . R “.

!
&

» -
Case 2 (L1kely Galns)

. ‘The br1g1na11y expected world food grain cr0p for 1974 was 710 MMT The .
total uncertainty in the expected harvest, however, was about 100 MMT (see Case 1)
The remote sensing $ystems now being considered will npt eliminate all of
‘after 10 to 15 years gf operéélonal systems use. A considered Judg@ent -- for

purposes of this exposition -- is that a 2§“pﬁrcent reduction in the total
uncertalnty is reasonable by 1990 »- for worldwide food crop harvest measurements,
i.e., a reduction from 100 MMT to 75 MMT.
This 25-percent reducf&on in uncertainty is' depicted in Figure II, with the
economic galns from th{; reductich 1nd1cated by the hatched area. 'The reader will
~ ' - , . ) :

.. .
- M N\ > 2
b 4 . . o .

-

: <
T*All quant1tat1ve estimates given here are based on analyses of the u.S. agr1cu1-
ture sector, applied worldw1de S .. . .

and ®ven -
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notice that a 25-percent reduction in uncertainty leagy/? Squercegt of .
the,toiil benefits attributgble to perfect iirformation. . The improvements to bgy

" brought ’about by remote sensing technology in-thie .aext 10 10 15 years will make

the mdst important poten?ial contribupion® while improvéments beyond the gssumed
* 1990 level of crop information technolagy will b¢ less beéneficial. There are

" decreasing esonomic returns to ferther inCremental’ improveménts. - .

Figure II depicts -- With price elasticity 4s. of Jume, 1974 ~- the likely

», -reactions of world food grain markets ahg the totalexpected net loss to society
‘as a resulg ofthis ieduct;og,in uncertaifg#. The total net.worldwide gain .from
this improvement is about $4 billion ofawhich $1°billion is the total net domestic
United States gain. United States export decisions would now range between
- 812 billion, with likely U.S. gains Trom this reduction in uncertajinty of

* $1.6 billion. Total potential U.S. gains due to this reduction in uncertainty are
about, $2.6 billion ($1.billion U.S. domestic gains, $1.6 billion gains frem
improved export decisions). CTe oL ‘ - .

" Again, all of these numbers are initial estimates. Firmer estimates for

cases in R&D péiity decisions will require comrsidérable empirical work -- in some-
areas even-advances in the state-of-thé-art in economics. But such measurements

‘are indeed possible. . . .

. t—/ . . C e .. o . e Y. R . ° - -
v . . .
, .

. ¢ B
Extension :to WAS Information Benefits

Cases 1 3nd "2 describe the situation of July 1, 1974, about 2 months before
final Northbrn Hemisﬁhere crop harvests. Uncertainties, in ‘fact, exist through- .
out the ¢rop year, in both fhe Northern and Southern Hemispheres. With food grain
Enventorigi depleted, the uncertainties throughout the crop year are probably
-~best desqribed by Case 1 results, All of WAS information (by remote sénsing such
as ERTS, EOS, SEOS, NIMBUS, SMS, SEASAT) on a weekly basis throughout the world,
taking cloud cover into actount (for cloud cover-sensitive .Systems like ERTS), may,
lead to only & SO percent redufion in existing uncertainties... Therefore, the
. total quantitative loss estimate$ of Case 2 (2 months) also represent likely mini-
- + mum gains from WAS, Added to this estimate should be expected gains.in production
~  [we estimate ab 1/4 of distribution benefits) of about $800 million, for a:
_otal net value added assessment of:WAS as shown in Table I. -

-
’

Lo - - . ;Uni;§§§8téte§. A Horid
Distribution - 5~ .~ 31,0.billion ( s4.0billion
T -t LT R~ S T Ty . ) - ~
T« _Export/lmports=. .= T < I - 1,6 bitlion, . . - large
- ;Pi'oduc't}on o7 . .8 billion 3.2 billion .
- T e ~ \ : € ol - i
S - . 33,4 g'nion ~* §7.2billion pius
.‘I‘f..-“ ‘ . TG ) . - ,
S " TABLE I . POSSIBLEJANNUAL GAINS FROM WAS - SRR l
. e . OVER PRESENT “INFORMATION STATE ‘ .
S ': 4 < ) o .
* X . - b
.- , .d -; . r . .A"b L T I . ,
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Implications of Results.to Space Applications Program
‘ . :

Considering U.S. henefits only of Table I, the 1974 present value of an
operational WAS programyfrom 1990 pnward (infinite horizon)* at 10 percent dis-
. count, is $8.4 billion total. (The 199Q valug of §3.4 billion annuglly.' _frgm
! * thence forth is approximately $34 biliion which discounts to $8.4 billion in
-.1974.) To realize these benefits, and provide for basic costs, cost uncerta:m:
ties and overruns, a research, development, demonstration, and implementation
program as shown in Table II would be "allowable,"

r

1975-‘79 .‘ 1980-84 . 1985-90 1990 ‘on
RGD R&D Transitional Operational

+

Annual Budget $200 million - $4_00 million . $800 million $200 million

- . ' per year
Total budget for . <, .
years.indicated $1 billion . $2 billion ° $4 billion
QR b . T

- TABLE I1 MAXIMUM ALLOWABLE WAS RGD, TRANSITIONAL
AND OPERATIONAL PHASE COSTS

! .

The present value of the WAS R§D, éransitional and operational phase inweSt-

ment cost (again.with infinite horizon from 1990 onward) is $4,2 billion at
10" percent discount. Figure 11I shows the .to6tal "allowable" WAS program 1ife
cycle costs and benefits. (U.S, only). The WAS investment, seen in this context,,
would return, after allewing for a 10 ‘Percent discount Tate, $2 fqr every

» 31 spent, based- on benefits to thé United States only, and much more if WAS can
be developed for & lower cost. " )

-

d .

v ' Major Tasks for In-Depth ‘Analysis
- * . / . . . M '
There exist overlapping user neéds and spate system requirements between
e Agriculture, Forest, and Range, Land Use, Extractable Resources, Weather
~  and Glimate, and Environmental Quality Panels of the 1974 Space Applications
" &Study, An integrated investrent study of agricultural earth resources surveying
- programs from space*is clearly called for. The term "integrated investment

\h
®
-

study" is ceapt t¢ iriclude the use of all available, and poténtially <conceivable, .

" remote sensing systems fron space, ahalyzed toward achieving one common overall-

. .
\ H
R .
. ————— .
.

*An,infinite honizon for: evaluation pIn-poses of WAS is-clearly indicated fomma

o national decision, although thig may not be intuitively obvious.
| W ' N ) - . s
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goal, for example, a 1990 operational worldwide weekly agriculturll survey capa-
bility. The components of such a total investment analysis are:

Measurement of Likely Benéfits of an Operational Integrated System: All
available tools of economic analysis, such as market research approaches as well
as economic analysis and estimation techniques, have to be brought to bear on .
this part of the problem, requiring experience, imagination, and improvisation,
where necessary. New econometric models of the agricultural sector do not yet
exist and have to be developed, tested, and estimated. These models must specif-
ically be suited for measuring the value of more timely and more accurate infor-
nation derived from remote sensing, This is a research effort of some magni tude,

Production’ effects, distribution effects, and world trade effects each need
separate analysis. Also, as the integrated systems definpition progresses, the
detail of economic analysis can expand and aid in the technical systems defini-
tion and trade—off studies. E ‘ :

-

)

AN

Determination of "Maximum Allowéile" Research, Development, Investment and
Operations Costs of An Integrated System: The part of the analysis concerned
with maximum allowable costs translates the expected future benefits of. all opera-
tional system into upper boundaries to the total national program budgets_needed
to bring about an operational WAS system. ' It is within these budget constraints
that the total integrated system has to be designed, developed, deployed and
operated, (See Figure III.) .

.

Determination of Most Economical (Effective) In%ggg§§ed Sys€ems Within
Imposed Budget Constraints: The satellites ERTS, EOS, SEOS, NIMBUS, SMS, to
mention a few, all have to be examined, system by system and later subsystem by
subsystem, as o their relative contribution and-merit to the ovérall progran i
goals within the imposed budget limits. Again, many tools of economic-investment -
and operations-research analysis exist to do.this demanding part of the analysis.,

€ -

Requirements: ‘In any one of the above three parts of an integrated agricul-
tural earth resources survey analysis, close cooperation with the Office of -~
Management and Budget (OMB) is desiTed, particularly in the initial program study
phases. Ground rules should be agreed upon, techniques,:egféwed, and where -
hecessary, the OMB as well as the federal agencies involved.should be open to a
redefinition of the approach and the ground rules. S, s B ‘}

Importé%t insti!Ltional questions need study and resolutien in parallé? with
the teclinical and economic analysis of this application potential,

EN
-~

-~

-~ ~

~ . -~

‘ __Review of WAS Benefits LY T

~ The July 1, 3974, worldwide agricultural food grain crop situation is taken
* @ the baseline for the estimates. Of an originally expected 710 MMT world food
graia’ crop, about 100 MMT are now growing in high risk areas: North America
_(112°K to 95°W and 45°N to 55°N), USSR (65°E to 90°E and 45°N to 57°N), China -
" (1107E to }20°E and 40°N to 52°N) and the’ Indian Subcontinent. With a 700 MMT,
world crop, we estimate I'MMT,EO be worth $160 million; with a 600 MMT world ..
crop, wesestimate 1 MMT To be worth mbout $300°million. Gains from a 1990 WAS
system are eStimated in Table I. .. N :
) A-9 B :‘\‘\_. . . =
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The rationale. for production benefits -is the interaction between more accu-
rate, early price information with acreage allotment, plowing, growing and har-
vesting decisions. {No institutional innovation is assumed here.) The rationale
for import-export benefits is a combination of distribution production benefits
in international trade. -

The present valde in 1974 of these annual benefits to the UsS. from 1990 to
an infinite horizon 1s, at a 10 percent “discount rate, $8.4 billion. These Bene-
fits will be realized only by drawing on a whole range of space systems -- rather
than any one single spacecraft system -- such as ERTS, EOS, SEOS, SMS, and NIMBUS.

« In relating the benefits to the R&D, transitional, and operational phase

_costs, the term "maximum allowable' costs is used. ThlS term denotes the upper

limit of expenditure levels based on the estimated benefits. These figurés are
not an estimate of costs.

A maximum allowable RE&D, transitional, and operational phase budget’ is
developed, with allowable R&D phase costs of $200 million per year from 1975 to -
1979, $400 million a year from 1980 to 1984, maximum allowable tramsitional phase
costs of $800 million a year from 1985 to 1989, and systems operationgl costs of
$200 million a year from 1990 to infinity. The present value of these maximum-
allowable costs iis $4.2 billion. N

On every §1 invested, $2 ‘would be returned after discounting beneflts and
costs at 10 percent. The -benefits include U.S. ‘benefits only.

An in-depth systems and economic study of such a program is recommended.

YAS would consist of an integrated use of systems like ERTS, E0S, SEOS, NIMBUS,
SMS and would use tfie Tracking and Data Relay Satellite fon real time communlca-
tions. .

The allowable R&D and transitional cos¥s can be considered maximum allowable
bydget limits to U.S. space applications activities for broad agricultural uses.

Further stud) should include:

R .

Investlgatlon of the private gains (above social gains not
included here) to be accrued through the ex91u51ve use of WAS
information. ﬁf

Analysis, similar-to that used for U.S. benefits, of the effects
of improved information.on world trade. Two cases should be
analyzed: (1) WAS information made available to all countries,
(23 WAS information availabde only to the United States.
Definitjon of the ranges of- social and private gains, which

. ' vary substantially, depending on how and to whom WAS informa-
tion is made available.

' All of" tgk identified areqs and sources of social and pr1vate galn need
emplrlcal work; i.e., the facts have to be checked and verified through quantita-

_ tive, econometric work over 12 to 24‘months, in parallel with an integrated

systems engineering study of user technical needs.

-

Lo 60
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APPENDIX B
USE OF SATELLITE DATA ON THE ALASKAN OIL MARINE LINK*

I. 1Introduction

L ,- [3

bil must be carried by tanker from one port of origin at Valdez,
Alaska, to three ports of ‘destination on the west coast of the
ﬁnited States (since the final designation of ports has yet to be
mdde, they were assumed for this study tp be the ports of Juan de
Fuca at Seattle, Co?s Bay/ 0regon, and Santa Barbara Ca11forn1a)
to complete the link betweeh the Northern Sloges'f1e1d .and the U.S.
consumers. There will 1n1t1a11y be 13 tanker; ded1cated to d711ver-- ‘
'ing'thiﬁ 0il. 0il wiltl flow into Valdez from the Northern Slopes of )
Alaska at the rate of,1,200,000 barrels per day. Both the number of
tankers (13) and the production of eil in Valdez (1,2000,000 bérfels
per.day) .will be ircreased in Subeequent phases.
- There will be storage capac1ty to serve as buffers in tHe pro- ]
duct1on'and d1str1but1on process. The storage tanks will be_Iocated.
_at Valdez as well as at the thrae west coast ports. This marine' e

link is illustrated in Figyre I.

Using more timely satellite forecasts may impact on the

»

operat1on of this link- 1n several ways. An accurate weather and
* pe .

*This append1x is based op work done by William E. Steele, ECON Inc., for the
National aeronaut1c< and Space’A n1strat1on . o

* ) . ! '
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Figure I Overview of Alaskan,0il Marine Link
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- ocean condition; forecast may prevent a ship from .leaving .port
-and sailing into a storm. The tanker can remain in port if the

., storm is brief and intense or it can sail out and make an imme-

" diate diversion to-avoid the storm. A 'ship in Sstormy weather

.« * \ . B " . e

must cut its speed, sometimes by as much as fifty percent. 1In

addition to the time loss, the probability of damage, loss of
life and oil spill through grounding or collision ingreases.
. Also, when a ship is at sea, a timély and accurate
. ) | : .
weather and oqcean conditions'fbrecast.may permit alternatives
- ~ . * 3 ’ » -~ . -
. . v * - 62 e * * s
S ) : - B2 sy :
. .o s Coe -, A - . .
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in routing that will enable it to by-pass the storm. This maneu-

¢

ver és‘somewhat limited on the Alaskan runl The basic roﬁte hug$
the coast and ad}ustments can only be made by heading out to sea.
*There is, thus, little if any time savjing by this partlcuLar

action. But, of éourse; the weaﬁher démage of the storm is still
avoided in this instance. In addition to this maneuvér, if con-

A}
ditions are 'improving, the:tanker may be sent on a more

direct route which was initially stormy. This gains time and

[
.

. / . .
. fuel and avoids weather damage. Thus, the benefits of routing are

threefold. First, it saves time and the operating costs associgtéd

with the time saving, principally labor costs. Second, it saves
’ )

fuel because the tankers spend less time at sea and maintain a

- -

more steady and efficient speed during that time. ’And third,

it lessens weather .damage. . . .

N Besides better weather and-gocean conditions forecasts,

. .

the o0il sthment costs will be affected by the utlllzatlon of

the various tyPe tankers to the different ports. This is becauée

the tanker types vary in thelr cost of dellvery per barrel and

N

because the ports are not equidistant. * It was necessary that aﬁy‘

L}

benefits- model be‘able to distingpish between cost savings arising
from better weather forecasts or from better utilization.
A mathematlcal model was ‘developed to permit analy51soof

A : ) :
the utlllzatlon problem and to .allow for the impact of better

weather and oceah-conditions infqrmation. By a systematic RN
. ‘- *

[

"..t.‘ .. | . ".:.
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simulation procedure with the model it was possible to separate

~

the influenges of utilization from weather forecasting. The-

¢ model was,kept general enou§§ to apply to any marin€ transport’

link system with one origin, multiple destinations, a.dedicated

fleet of ships of varying capacities, and storage capability'gt

.

“ Y

the origin and*destinations.

z

II.” - The Model _ ) e ’,
£ .

The  basic cost parameter on which the model is bgzlt is

\

. the cost of shipment per barrel. The cost of shiﬁping'a barrel ,

‘/of 0il depends on the size of the tanker, the tigg,of the yea?,
L[] - N . . ‘ N -

and the port of destination to which it is to be shipped. This

»may be expressed as ’ K ; | (
P . R v
. v Cagk T sk My . e
.whekq * . ‘ o ‘;) ¢ C e -
. ’ & = cost of shipp;ﬁg qﬁe;baxfel of 6i1,($}ba:re15 ' ‘e
- A = the ca?acity.éf the ta;ker (barrels/shipload) |
’ a = cost';f a full tankér delive;y ($/§hipload)' )
‘i = time pér:i.od i ’ \ o e )
. Q -j=='£anker type . ) ) t R )
. k' = destination ; .
which ls the cost of shipping one shipload of gil irf*pé.ried“i‘ by
tanker type j to deséinatién k. S A \; te . '
.. - If gatellite infprﬁaﬁionfé;oveg bedeficial, ;:percentagé

4 S . .
} .
- decreasy in any period i in éhg“cost°0f_5hipbiﬁg’a barrel of oil |
. . . -

. P ~ *
- o . . ) - . ~
o«
' . * 2 N ¢ 64 o f A .
— N .
. <
R .Q , ~ -~ X . .
~ ) R e B-4
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e>of 6i should be expected. . Multiplying both

of the magnitud

sides by (1:5i), we~get the new cost of a full tanker delivery

-
)

as . . } * . _ .o

’
»

- - (1__61) aijk . .

Besideé'this cost of delivefing a tanker, filled with oil,

the farine decision must consider the storage capacity and the

-
.

associated costs at both ends of  the marine link. For example, -

hd .

if costs of shippihg are expected to be especially. high in the ___

-~

next period due to bad ocean conditions, shipments in that period

-

may be suspended in favor of increased shipments in the
- 1Y N
prtesent period, increaséd storage at the destination in the

3
giveﬁ perted and increased shipments in thes subsequent run. 1In

general, trade-off can be made amongst shipments, storage at the
. } ' . \
origin and storage, at the destination and among the various size

-

tankers. For the sake of simplicity it{&ill be assumed that

there is not signjficant oscillation in the sforage of oil

in a single time period. Storage either .increases’ or decreases
. ¢ . * . . O

.
.

line'arly in a givéh period. .Further, it is gfsuﬁgd that- there
' . *
is a part of the operating cost of the storage operation whi§h
' ’ . . . '-- '
is linearly proportional to the amount of oil in storage.~ This

-~

leads to a,cost mini*{:ion objective function-of the form
v B, 4 4

. * hd \U N
t m n t o~
c=Z I I (1-8.) a. X.. + T B, [Y. + Y,
i=1 j=1 k=1 i3k 1?5 j=1 * i-1 .
* t 'n
- [y [N
+ E, X/\Y:.k Zik Zi—,l,k)' {1.1)
if€]l kA1 , .
v - -
3 . a4 -
" B-5" .
\

.
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C = total “tost of marxne link for perlod 1l to t

. ($/perlods °te t) »
.5 L Y .
. xi'k = number-.of shlploads in.period i of tanker type . , =
J j-shipped to destination k (# of shiploads/period) - .
t 24 . Tt
Y, = number of barrets of oil in.storage at the end
] of period i at the origin (barrels) o ‘ .
Bi = cost of storing one barr 1l bver peiod/] at the ‘
‘s origin ($ per barrel/péri d)
Yik = cost of sto¥ing one barrel over period i at =

destination k ($ per barrel/period)

t = number of periods of analysis

m = number of types of tankers, classified by '. - ~ -
capacity !

-

n = number of destinations . . -

subject to all X, Y, and 2 > 0. .

. -

It mMight be noted that X, Y, and 2z are net expressed in v

the samebasic unit, i.e., a barrel. Since expressing X in

4 . . R 3

barrels does not g;ve,ﬁeanipgful figures, the barrel Cépacity ‘per

.

shipload, A, ‘'was separated from the number of shiploads, X, as 4

"indicated above. The variable X is interpreted as tQi num b x

of shiploads hereafter. The 'same procedure must be observed in

~ EL I

1w
£ets of constralnts.to be imposed. These appiy to productlon,

the constraints when express;ng barrei?tshgpped There are five

X
requlrements, shlpplng, storage at the origin, and storage at

[ Y

' . he Ve
. e
the destlnatlon. | R .

.
=

. Voo .-
. * The amount produced each period-'wust either be shipped -

.‘ b

out or added to the storage of the previous perioﬁ ’ W

- H *
. . ) 1 .

. | N S
i .’ L ‘ . 66 . . 1. . vr' ’ v ,
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¢ ¥ o
v . )
\ o
m n . . R
- . P -~ : = P, i
g z AJ lek (Y Y. 1) P, for all i .
J k R .
' v . . - ¥
m n e.. . ) . ) o
g 5 A Xijk’:fyi-l *Y =P, ; tor gl i (1.2)
k . . .,

IS 4

P. = number of barrels produced in period i (barrels/
perlod) A R :

The amount required:ét each,destination each period must

\ R
" be obtained from what was shipped that period or e;/g;aning down
on storage.' . . . <
. . ., ) ‘
m v o ) . - . “ . r
A, X,,, + 2, - 2, .5 i . (1, N
- 5 lek Z;-l,k Zlk‘; Rik ~ for all i (} ?)'
] ‘ . ’.‘ R ¢ * :
where ‘ T . " : : &

M= number of barrels, requlred in period i in .
destination k_ (barrelsfperlod) '

MY k
. - *
T Another constraint whidh mus€ be impqﬁed is that the |

number of trlps whlch can be .made by a’ gzven fleet is llmlted
“ s R
essentlally’bg the flnltﬁ speed~of the shtps. Suppose the iijk

. i . .
is the maximum number of trips which can be made by all tdnkers

L]

in class j .to destination k in perlqd 1, assumlng that the ﬁaﬁkers

’

experience average -delays .due to weather. Fu;%her deflne:,
P > gﬁ_“\§3l\”\s ‘ ¢ N '
"bjk = th%fnumber of~ tankers 1n class j go;ng .
~ " to each period. ’( . . !
~ a;p = Xi!i the maxifum number of trips. whiqh can
be made in period i by any tanker going
jk to destination k- (tankers, .regardless of.’
size, find it efficient to maintain a speed

o
K-2

. + - of approximately 16 knots). ! ., )
. . B-7 - "
Y . 3




.. 2 S A - H
R - 5 * v . . . . [
4 . '/ N - < ) Z
: - 4 N - . . 4-‘\' g
- v‘ (\ . . ) L o .‘
' , , . P3 R , - - l‘-
N . o~ . . ) o . ] ) ’ - T *
— . b, = Z b,, the total number of ships of type j .
' .3 in Eﬁe fleet-{sum over k) IR
° . . . 1 .
s o dik = the maximum number of trips which can be made ,
C ‘ : + by one ship to k w1th no weather delays in | e T,
o N perlod 1. c ~ . - ) ¢ ) i . s ‘. .
r‘y . E ‘ Iy ) b
. ei =1 _ik the fractional decrease in number ., . K
.. . d'k of trips possible due to zgather . _ '
. o delays; assumed indepeéndent of"~ - ' -
' e N destination. . *
NN U ’ \ ) . *
. Clearly,\then~ 11 < 1. - " . B
" - . . lek . . ‘ < L.
= — . . ik
* But X,.' = b, d.= a: -0, SIX < -0.). '
. ijk . Jkd b‘jk ik (1 01)' sof that i Y- bjk°-(1 .ei') v .
¢ n - .' ) ) N - " ~
Summing over all destidations, we find thef Final form of the |
t .t . » . N > ,© >
e constraint: . ) R ‘ _ ] R ]
\ ‘ . . ’ . : } !
S ——3— < (1-0.) b, S ¢ 10 ,
"‘ k=1 ik . 5 J . . \. = . .
i . " . ' * ' . ’ . i \ o
. - ~ Far the stdrage; constraint at the oxigin, we have.|: -
\ L. p ’ vy . . . . o ot
i R‘ JY.-< s, for all .i - o, . (1.8) . -
! Iy 1l - 1 . . S b} ’ .
o\ . . " - LD \ . .
- 4 4 ’ ! . ' K - et . - ’
[ - ) . Y | a .o ¢ ¢ id ) / L
where ; - .- C C, e ® ..
. - . - e | « e :
oy . S, = storage c¢ aclty at the origin %P period i RV "
) i » SR
s <7 ’banrels/$erlod) ; . .o O o
- . LT T T
. Inltial an;ffThal yearly constraints axe added to *these, ° )
- . . W _ X g 4 u»_- ] g"\;-: _x = o=
. - .storage consttalnts Tt A e h e
- - . : \“ v - . . ..-, \ - :,_? . -.' - D' .
' . Y = d . . . N L ~
~ \ o T 5o and ¥, <8, C s < ' - ok
) l« . N ' . \‘ . e ' M . .
. .. This will add one variable, Y . to the ‘objective fungtion. :
i & . . . . ~ i ..
Tt 8 . . - : ‘J - s -
R ' In'ana%pqoug manner, the ‘constraints eh 5torage at each
. A . N *
. destination are& e a ’ .- . - ) T *

h . 2 g D., for all i, k- (r.6) -~ 1\ .

1k - 1k




ile., all X, Y, and z > 0.

- R . - - e
) ‘ L . ] . e
where . . ’ ;E e .
Dik\= storage capaclty in perlod i at destlnatlon et
. k (barrels/perlod) . —_—
Y ' - . Y N rd
When the - 1n1t1a1121ng Constralnts are 1mpose6:1 ' =*

-

varrables, Zik' are added to the objectlve function.

>

Thus, the statement &! ‘the linear programming problem.

A . ¢ . . PR

is compféte. The objective_function is (I.l)‘@ith

- # of variables ="l+n+t[1+n(1+m)]_and

five sets of constraints, (1.2), (1.3),°(1.4), (1.5) and

* ~
- -

-
. ‘ -*

(1.6) which yieiq - . .

# of equations = 1+n+t(2+2n+m)

I'd

' ~ N -.‘
The number of eguations is -further restricted,tp be 1less
) . .- :

than the number of variSbles. This means that:’ . :
» - . .q: - A g ‘ . - ~ -
v - m > n+l .- . W
N . n-1 . b . ~>
S . - - _ .
- . m+l » . . -
or n > —= N . .
- ~ m—‘;

Andkinally we must add the non-negativity ‘constraint?
- . ~ Al o ~ \/ .
- ) ‘-;‘ ’ ¢
o The full restatement of thé-resultlné lifiear programmlng
i J ,‘-\ .

problem is pPresented in Tables I and II%

-

I1T. ‘Use and Economic Interprstation of the Model -~ *
. . . v e
. The 1inear'brogramming model discussed in the pr vious

M .

‘ P i
two sections “emables us to measure the decreased cost of the.'

.
v .o

Alaskan oil marine llnk»when”there is 1mproved utilization of

. .
.

. . h -

B-9 ' . -

)

' . R ’ ) . . 6 9" A . , ' ;\*_{'\1




. .. R [3
- * b4 E ) v . . .
~ » L4 *
) ’ .
’ '0 - - * J e’ .
. . * » - ) i
‘ ' * - -
A\ Tabdble 1 Svlury;-of Zqeations ' ' . p—
Alaskan D11 Nl¥gne Lisk Nodel / -~ CL
Ad = - A .. ? LA T - “~»
. ~ PR .
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., . C = 1.:1 ,.Ll”g-‘ (1- ‘) 0”’1 xux + 153 5 (71071-1) . ‘El 1’.:1 -5 (ng:zi-l.t) (1.1)
. . : . o o
) . ’ .
. 4 Susject to
_. . " v . . ) . e °
» ‘ production constrainte * ‘ * T
,: i \ a a A v ' . ¢ . - o . [N . - N iy
3£1 xfx s Fagx " 'z-x,? LA tgz\u} 1 (1.2} ‘ .
, ' ' %
reduiresdsnts tonstraints . -
¢ . ‘ .
x N \ - ’
, e jfl By Figx * Berx T Zix " My for afl 4, .3 \
; v . . ) .
/7’) . shipping constriints . : '
s X ‘
. e (1-8,) b, for all.f, 3 . S . (1.4
=1 ik A
. * , ~ N * ’ -, -
- . ‘ ‘. .
storags xX origin con‘lttll“ntl /‘1- . .
. i _ v
. q. Y, <s, for allt . ) (1.5) ] .
] . ] »
. : S/ .
o Storags at destinations constraints - ‘ N A B
. Zyx S Dy for all i, x ti.e) .
. .- . . .
, and . ) . '
. . - - * R
. . X, Y ZTall>o . )
. s - . . "
§ of s3nations < § of variadles. ) M K
’ e
- -~ r "
. \ B
. . e . .
. w t " . . . - R .
., “ships and improved weather forecabting. How does this translate
L] .
into benefits? How much of the decrease in cost is due to ’
. "‘ . - . . . »
weather forecasting and how nuch is due to better utilization?’
L] \ -
This section answers_these guestions. ' - o
. . - R “ ‘ . o .
+ First,” we must answer the more basic question. What .
is the value gf the AlasXan oil initially? To answer this we .
look at-the supply and demand curves involved. The present, )
. world supply and demand for oil without Alaska looks something .
. R » . .
L - ’ ‘
’ , . § . 8-10
. { . ) . - o
1
. - - 70 L .. :
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* Table II Definitions for Equatiods in Table I -

o = = I —

* s
Coefficienrs
.
i - tive period ‘(¢ - total nurber of time peTiods)

3 - tasker type (a - total nunber of tankgr types) . [ S

k - destination (m - total nunbér of destinations) .
. .

4, - percentage decxe.uo in cost of shipping a barrel of oil in pertxd 4 (W)

’

LN cost of a full tanker delivery in period i by tanker type 3 to destina tica k (S/shipload) |
. =

) 51 - cost o_! storing one barrel a: the origisn over time period { 4§ per barrel/period)
Tu: - cost of storiny one barrel a: destination, k'cvex time pezi;d 1 (S per barrel/period)
lj - the capséity of tanker type 3 (barrels/shipload) ) ) '
4, - the maxizus mber of trips vhich can be made in period i by ore tanker type 3 (8 of trips) = - L

- Pl - ° A
8, - the frectional decrease in nu=ber of trips possidle due to weather delays in period i ),

'
4
.

the nuzber of type 3 tankers in the fleet. (# of tankers) o ’ .
. . .

Variables .
[ - total ¢ost of marine link for periods 1 o t ($)

Xy - number of #hiploads in period 1 delivered by tanker type J to destinaticn X (# of mploads)‘
. Yi = mumber of barrels of oil in storage at the origin at the en'd of period { (barrels)

z“ - nu:;bez of barrels of oil in ssorage at destination X .at.tbc end of period i (barrels) : )
P = nu=ber of barrels produced in period i (barrels)

R - nusber of darrels required a: destination k in period i (barrels) *

S, - storage capacity at the origia 1a pericd 1 {barrels)

D - 3Wrage capacity at destination k in period i (barrels)

. oK g
. . W o,
.lz.ke Figure II where so 1s the yorla supply curve and DZ is - -

-

the world demand curve. ‘Before the Alaskan oil is available, -
the world 'pr'ice, is P: and the quantity supplied is q:. We are

assuming that the world demand is inelastic and the world supply’i . .

. : SN\ .

is more elastic .as drawn. (The Hudson-Jorgenson model of oil .

demand timates the-el'astig:ity\' of&emand for oil to be -.15,

N .

‘while tie ‘Erikson-Spann econometric model finds the elasticity

of supply for oil /Po be +.85. See ﬁde@an [2, p.29 ;nd p. 34,

. <

.respectivel)'] .)
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When Alaskan oil becomes available, it will be available

at a significantly lower price but not in sufficient gquantity to |
satisfy the U.S. demand. Thérefote, the Alaskan oil will be .

» . ) 'J
fully consumgd and there will be a corresponding shift downward ’ %

-

in the world demand curve, as pictured above, to D:» Since L

the Alaskan oil is earmarked for U.S. markets and since there

will be at least implicit price control, two markets will

(%4

develop, eag¢h with its‘Pwn supply and demand and price.

In the world market,‘exclusive of Alaskan 0il, the qﬁantity

demanded will drop back by the amount of oil sﬁpplied from the

*

"Alaskan fields.to az. But at this point the available suppiy-

\
exceeds the world demaJd and there will be some downward pressure

- > .
on price, This will induce the quan;ity demanded to increase

) [}
beyond qz and the dropping price will not draw forth the pre-

-
* wvious supply of qz. The new equilibriﬁm point will be’'price
* o .
p: and quantity q: . Co -

O

{$/barrel)
1 -
- ~' . S: . _;
P:“ 2 s
%/’/ G
0 B :
1] . '
. Dy
1
° . —? T . . R
. z §r & Wottarras

Pigure II World Supply and Demand for 0il
< e (EXcluding Alaskan Oilj}

. < -

-~
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" The supply and demand for AlasKan oil ‘can be

illustrated as in;Figure IIz.

. 1, . - ; .
Assuming qh is the maximum amount of Alaskan 01%

~ - — >

which can be brought into the U, S. marRet erF Alaska each year
(i.e., the supply curve bécomés vertical “at qi), we woéould find .

that the demand would 'be insatiable, i.e., the demand ¢urve

would be horizontal as p}esented.'

. . w
The consumers were initially consuming quantity q,

at price-p:. We know
VN qa _ qw _lqw'
: 1 “o‘ “o
‘ S
M 1
So, the consumers are obtaining qY - qz extra oil,

wo_ow! a w’ woTow! a
. = < s - 4+
(a, =9 * 9y 1 < 19, *. (qy —iq) ) +qf].
: I ” :
($/barrel’) ' -.(S/barrel) e .
. SUPPLY - DEMAND i
A :
st o i}
Por -
& Di
P ) 3 ) . 1 R
. . o] . ‘
. i o ‘ .
< : ‘ ob . . T .
° : (f of barrels) (# of barrels) .

9

/ | - ] . . - . ) ’

<
. g . W

‘Figure III Supply and Demand for Alaskan ©Oid
4 « . Vi . ‘é * ‘ .

The consumers are consuming qY and qi at prices pZ.

and pi, respectively.




v N . ' - . .
% In-gonclu51on, we see the consumers are paying lower
¢ ' .

v

prices and getting more 0il. This ben?fiﬁ'is represented by o

. . . ’

the sum of the shaded areas in the two diagrams above and it

is the consumer's surplus. .

- .

\

4

We derive this benefit mathematically as follows: |
_a wn¥ - oy = .. . .

Bl q, x (po pl)._ A direct benefit. . ‘

Assuming linear supply and demand curves and know- .

-~

ledge of the elasticity of supply (Es), elasticity of

LW w w* oW w a
dema?§ (Fd)f Pgyr 95 and q, (ffom 9, = 9, ql) we have two‘ .
equations Lo . o, ‘
w w w'o W .
9, ql. 9% < 9
L S w o : A
q_. ¢ . and q
€ = o . € = o
s w v .d w ¢
- - 3
P, "~ P ) P, 12 ‘ \
. \ ,
. v, w
Py \ Py
o - , )
- W ow :
;uith two unknowns, Py ql. Simultaneous solution of these
cdd ' v » - - - ‘.. — . - - ———— .‘.
two equations yields the equilibrium values : .
ﬂ ‘ | & - QL
. v, w . o o '
= +
P, P, 1 - . ~
. e qw - ¢ qw
, ‘ . e o s o
L] ¢ v - <
. T w w! ’ ~
. qw - 9,5, 9 (e - Ed)
. ¢ i )
€ v € w!
7 ) s qo: - a % ‘.
. . . ] ’
¢ K ., -B-14 )
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. »

We then have.
' L3

w w, ° W : T
- t = ] f t N
.(po pl) x q A dlréct benefi .

. B
. 2

and

‘W
|

o wow W W' . o .
= - . -  J =
3 QPP pl) x }ql q, ) x*0/2 The induced bgneflt

and finally )
B = B,+B_+B, = Total benefit of Alaskan oil= SuB® of
' T ‘ shaded area -

\
We have completed-our discussion of the benefits.
'Y .
of Alaskan o0il and are now in 5 position to estimate the impact

' A4 ~

of weather forecasting. 1In general, better weather forecasting LY
l . ~ . .

can be expected to increase Bl

Bz and B3 imperceptibly. We will focus on the increase in B

directly,. but it will .impact on

1

.

and ignore the negligible changes in B2 and B3: .
» L4

There are two outpuﬁs'from~the linear programming

model which are of particular importance to us.® These anghthg.
. . * v 4 A ’ -

- -

total cost, C, and the sum of the requireﬁents\met in each
D X

i k
of how weather Foréecasting impacts on the percentage change

in the cost of shipping a. barrel .of 0il,,8, and the percentage

period i at each port k, Rik' Both of these are a fugctioq

Sz - =

. ° S ¢ -
change in the number of trips a givemn type tanker can achieve,.

A}
-

8. That is s ..
) - : Ac = £(5,8) .
iz o
B R So£(8,0) .
VN . . : )
. >
: B-15 ‘ a
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: “ . In regard to' the ikRik we'should take note of the

facf:that the reqﬁirements met may be less than what is prodhced .

- . .

. 14
. because the shipping capacity is insufficient: ’ In this case, .

A - - -
= . . . - -

\
. . . . = . . o 1
~additional o0il may be supplied to U.S. consumers by the 'use of l

. ) .satellite weather information to route the tankers around storms
- N L) .
’ N, -
and high seas. When the shipping capacity.is’h}ready sufficient |
- 13 N
’ to deliver the full production of oil, the only bepefit to\be,
* . -~ 4 « . . ﬂ

. (3 . . \ . - (3 . N
realized is a decrease in the cost of supplying the o0il and in the

subsequent price to the consumer. We may illustrate these two
- V ) .. o ’ - -
exhaustive possibhilities as in Figure 1IV. .
. In case a) th% shipping capacity was-alreédy ’

~ - sufficient when weather.forecasting was introduced, so .
- . . .

\ the,bply impact dw~2a loyer price for the consumer. In case

a
3

N

b), we see that the sﬂéBly curve was at S_ and the quantity

$ s s . e .
- delivered to the consumer was q?. After weather forecasting

is introduced, we move to S: and q: and the benefits of extra
R |

,

‘- . - - ’
(S/barrel) ' ($/barrel) ‘ -
LY . a R -3- sa. Sa, - - ——
w Sz w Y ¢ 4 ’
Po . Po I
¢ :
' ) PP~ - )
) :%‘*%%%?
;
- ' ] q? (f of barzf‘e}l)
] 3 V4 ’
. .
t ) ‘ Case a) .-’
o 4 . : ., : . e heA
. ' 3 . . . * O “.\
. Figure IV Benefit of Satellite Information '
, : _ on Alaskan Oil Marine Link - i
B-16 ' -

- R o




L ]

b,
e

*

.

-

0il (the vertical shaded area in Figure IV, b) is aédgd to

the benefit of lower cost

In general, the benefit of satellite weather forecasting

" e

on the Alaskan marine link is then'given as

-

. R 4

Y ) = a - a -
Bl (P1 p4+ X a .
{
where ‘ '
‘ a a, \ - -
q, = min-of (g, g.) !
k . 3 . - ¢
" N a, - a \
’ ¢ .
subject to |
" . a " a
= > .
Bl O if q, q, .
) . . -
Total Benefit = ABl=Bi+B;. B - - (1.7) —~
. ) ; ,
A A 2N \‘ . -
W o e \

- The total benefits were calculateé\using\gquation

. . ) .. ;
(1-7). +Since some benefits- arose from better ut\ilization of

‘the Department of the Interior [6]. Inéthis scheme, \each type’
tanker visits each port a Yixed ‘number of times each
, .

We define thes following four cost concept

) - 77




- Cost X, C (I) ' - calculated assuming fixed
. - utilization and no satellite
weather forecasting. The
baseIine case,

Cost II, C(II) - calculated assumlng fixed -
* utilization with satelllte
weather forecasting *

Cost III, C(III) - calculated assuming optimal
’ "+ utilization with no satellite
. . weather forecabting
Cost IW, C(IV) - - calculated assuming optimal
‘ utilization with satellite
v . . . weather forecasting '

~ - -

' Since the 'size of the fleet will be adequate to
transport the full production, the true benefit of satellite
weather foreecasting is [C(II)-C(I)] if no opf&mal utilization

.is to be done and the true benefit is T€(IV)-C(III)] if optimal

utilization will be done. This' assumes tRe cost savings will be

passed on as lower prices.. Thus we are using egquation (1.7).

Iv, The Data and the Results
r
[
. The model problem was solved for three annual‘Pro—

duc.gg.on .‘Leve.‘Ls = 730, 400, and 240 mzlllon bb/yr. {or 27/ .37apa -7

Ofggfmillioﬁ bbl?day, respectively) - the pnojécted annual outf
. : 4 Y . - .
puts in 1987, }992, and 1997, Alaskan 0il [3]). However, the

analysis was conducted by looking at only one quarter of the *-

. - - . ~ ~
" .

year and breaking it into 19 day periods. Using_such g,time .

* . , o
reference was desirable because from an dperatiokal point of
view similar weathcz condi'tions come in 5—10 day 1ntervals ) .

. . et .

rather.than in month to month intervals. Also, the Longer the '
Ll - N
é M - N

N ' : B-18
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time beriod considered, the less significant the fixed amount

of storage becomes compared to the number of barrels to ‘be

P +

shipped. ' These levels are based on an assumed total reserve in

the, North Slope field of 10 billidY barrels and are uncertain

because of qncertaihties both in that total reserve and/in the

[ -

rate of consumption. ‘The study by the Cabinet Task Force on°

0il Import Control .in Alaskan 0il [3] imdicates that the field

. .
of "known" reserves will be entirely depleted by the ye

ar 2000.

N -
~ ’

The tiTe scale has, of cour3e, shifted since

Alaskan 0il*was written in 1970. cCurrent indicatigns are

that production will begin. in 1977 and reach its peak in the ™

_early 80's. The production éurves in Alaskan 0il, therefore,"’

5

o)

have been shifted ﬁy five years.

N

- The fleék\composifion in the Department of the

Interior Report [6,p.60] has been adjusted. Present. projections

ifdjcate a_fleet.9£.13, 22, and. 35 ténkers {n each of three suc-

cessive, phases. In 1985xthe operatibn will be in phase-3 and the
’ t’ v N . }
be broken down as follows: -

35 tanﬁer'figet will '

L3

Wt. class ‘In thousand deadweight tois 45 60 70 75 80 90 120 130 150

.
- M

# of tankers ) 1 3,23 2 2 16 5 1
=7 . ' . '
-In the 1990's, when production levels will be
‘drqpping it was left to the comphteé prbgram to‘éliminate the ° . )
. 6« .
gappropxiaté-ﬁanqus since'it‘is'obviogg that the model will . P -
éonsistently use the mo;e efficieﬁt'lagger tankers when possible .1 .
~and-will drop from the solution the smallést,tgnker ﬁﬂe; it é‘ '
becomes expendable. ‘ ' . ‘ . ‘ ’;
B-19 . : * . |
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) }
’ It was assumed that the oil will be shipped to the

-
. .

three ports on the West Coast in the progortions projected by

* .

the Alyeska Pipeline Service Company’ (APSC) as &uoted iiszI .

.
* . » - -

{61, namely;- -~ - N

Y

. *15% to Juan 'de Fuca . . L .0 -
. 35% to Coos Bay’ o
50% to Santa Barbara

o 100%

from Valdez ' ' ‘ .

The possibility of shipping to otﬁér points (e.g. Jdapan, the

East Coast via Panama or the North West Passage) was ignored.

, Since ‘industry sources indicate storage capacities _,

of six to»eigpt days produqtién are desirable, stotﬁge at the

. . R .
origin and destinations were assumed”to be seven times the level

of daily throughput. D ) .

' Valdez - 14 million (100%) = s .

: Juan de Fuca - 2.1 million (15%) =

[}

* X
Coos 'Bay =~ 4.9 mill'ion (35%) a/Dz

' R, -’ e
Santa Barbara - 7.0 million (50%) = Dj

R Since*there are antitrust considerations involved

it was necessary to have the oil dompanies pass their eftimates

of the number of tankers they wQuld be purchasing through inde- -
’

pendent apditors who'/then indicated only’'the sums for the

(I * '

B
resulting fleet. This means in terms ©of thi$ model that opti-

‘ - * .
mization was don®d with respect tg the whole fleet while individual

oil.companies will be optimizing \with respect to their portion .
, . M . &, - A
of the fleet. . Thus, the benefit ¥rom better 'fleet utilization
oy
. G0
o N .
P B“Zo P . d

.

.
2 . . ] R




v ° . .
. 2 ~ ! ' ’
<+ will be greater than what might'actually_be achieved, -but the ~ . #~

estimate Pf thé extra benefit of satelliée 7é3n£Lconditi;n fore—r ,
éhsti&g informat'ion, which is xpatJ;ust be’ quantitified in this
study,:will“be accurate, - ' ' . )

' ) The relation be@&égn shiéping costs and vessel

L23

Alaskan 0il [3, p. 72] are .
ss.(dwt) ) 6osx kab1/103dmilesi -
' 50 : . 14-.16¢ -
100 - .10-.11, .
200 - | .07-,08 ‘ 3 .
‘ - . Pitting‘these by.a pblynomiél/&e get the éﬂ}ve in . ' i
Figure V. si;ce these were-wérld tanker price;'they hust be . " '

doubled as recommended inMthe reference to reflect the fact
Q - [} Nt
that only American ships 'will be used. Aalso, singe these were,
Al o .

1969 prices they must be inflated to 1974 prices. The infla;‘.'

tion factor used was 45.6%, derlved from the comp051te 1ndex of

‘.~

.\constructlon cosvs xy the u.s. Bepartmeﬁt of Comﬁerce‘s Survez .

Cnrrent Bu51ness. (The cost of the tankers' constructlon 1s more

than 506 of all costs in the long run, see [6, pp. 5-7].) .
It was further assumed tHat the shipping costs - . - ,
< . . ~

- would vary from period to perlod in roughly the samé propbyrtion

" -

as the average trip time to Juan de Fuca ih eaéh month as deter-
) . * v *
mined by oDs [4, p. 12]. The costs, therefore, ranged between “
. 5% above and 4% below . the yearly avefége;qbs;( (éhis is a con-

’

) (3 3 * (3 - I3 (3 ) ©
N servative range since the weather variation between ten day

h : . - ) * - * ¢

periods will be larger than the,avefage vadiation from mp@th

- . . .
' ) AN . - (4

B-21 L ~ ,
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. s .
P s , .. .

to month. ) - The assumptipn dlso overc0mes thE‘%roblea of uéing‘

~ -t N

represedtative weather figures for the year when*the analys1s T
) 1: H - N

is only done for bne quartergpf the year. <v S . ) (5).

& ' ot ' - . : L. P . P “n

Since the dperating costs of increasing pf decreas-

ing the bérrels of oil in storage ‘wake found to be. negligible

Py
- v' - -

these were assumed to be\zero. While‘the model could be adapted <
. E N o

to address1ng the question of the Jbtimum storagé capacity
- ~ ( . -~

investment, this was not donea It was‘assumed‘t@at the industry.

N4 3

e g

estimates gdiven were fixed.. -\ ' °‘ . ‘ N . -

’ ‘ e C . o . Vs e, U

py . For the shipping capacity consti&int'¥§%°16 0 -Rnots -
. R " \ N

speed of the modal ship in the f;eet, “the 120 R\dﬁt tanker, was L e

\ - * T AN
. -
used to calculate round trips. Assuming 345 days running time N
‘ ~ - ’ \..4 \/ .
and 21 days .per year for routine maintenance and repair3423 hours
. N . .

for twrnaround timé ind I,212 milés to'Juawu de) FucaJ e L R ,\\".-'
M . ~ - - -

‘ - J ¢
et i . < he ! p Vo
9‘ a max mum . K N . v , g Lo
' .. 345 % 24 - T TN
© 711,212/16.0) +.23 o 47;45 round trip.ger year - NS

"or 11.9 roupd trips per quarter_of'the year?perdship. xt;
' ~ ' " N (,» . -{, * 4 J
It is assumeﬁ by the model thaththé naxinum round, ~ :

trips to the other two destinatlons are Qess in proportion to 1 U
ﬂ . '“’ \ 2 2

the distances (which were 1, 452 and 2,028 milgs, respectrvely)
. 0 . N R ~

The ‘fleet can be expected to make 34.6 round/trips maximum’ per

. - /‘ T . -
ship over one .year using the weighted dist%nce to the\three 1 N f) 3

.
-
~

v
ports according to Ocean Data Systems assumptions [41 nT.'S?ger-'
: £ L

_formed a computer simulation which ‘used tankeriheather log data
- S TERPEN -

from 1948 to thé present and vﬁried the speeds of fﬁe tankers in. 7y
Q * -

~
'

AXN

accérdance with the.weather condltions reportea in the log\and .

;- . . R . uw‘ \A . e f e 'v ~ v . + l'g
. N . B-22 . [ b -~ - s “ ! . .

¥ .
co - Ly el ] o
o .
. . . N ) v
\ . . . . - .
. ® D LR N 8‘2 - ° e . o .
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L3
.

‘fouqd that 'the weather simulated delays permitted only 29.2

!

round trips [4]. Hoﬁever,

- ‘

avoided. because there will be bad weather at all

!
e, ‘ -

the route occa51ona1ly. Thuswthe qu1mhm sawving

v 7 .
was assumed conservativefy to be.12% ¢ti.e., 6, =
, .

~bounQ) b’ 4 4 round ttlps. - . -?

4

%
this 15% loss cannot be fulry ¢

901nts along -

bessiﬁle'

.12 as an upper

Folfbﬁlng the estlmate of ODS, it was assumed that

. 4

theoachlevdble galn in shipping capacity due to satellite in-

formation was 50% (6 =

gain, i.e., 2.2 ‘round trlps sav1ng was used

.06) of the total pctentlal capacit

~ . A . ‘ .
o : . )
L 155 ‘ - )
i \ . - )
r- ) . [
< .15 L : ,
) . ) .
-l . 01
;¥ . . .
-3 . .
£ 115 . .
o * Function defining curve: -
S -t ' io . 200
S L0935, ' . Cost = .03 +Size‘ = Size?
\ i . . * Y . . ' . .
PO o I - -
¢t o { .
vy . . . . .
“ -~ ~ .
5,075} , N |
- a )
~N . . -t . -
S T T
“f e r ‘{ - l - ‘l J . l l
0 « . ’ ) "
ol . -1 100 1504 <200
‘0 - - B . ;
.. 3 : > Sizc 5f Tanker {dwis) .
i . R Figure«V Cost of Trapsporting Qil on Alaskan )
R . Marine Link (¥969 Dollars) v




. Using the cost figu}es'ln section '5.1 of [5] for
s - ’ R 1

the 120°X dwt tanker, the time loss of 12% (6% when using satellite

. . . R . . , . -, - N -
ﬁnformatlon), the aesumptlon that self insurance is equal to
. Py

- - P} .

‘ |
. ‘ LI ) J
paid premiums, and the assumptiqn that 30%°of all damage s’ i

weathér related,' we get a maximum potential cost saving (8) of-

. ' Amortization 58.0 ., T o .
f Other Qpezating Costs 33.8 x .12 = 4.06%
( - Thsurance’ - 9.2 % .12 x .30 =  0.33% .
| ~ 5y : _
. 100.0 4.39% T

. agprpximatél? 4.4 (8 = .044) .at maximum

It -is assumed only half of.this, also, may be captu;ed. There-

fore, § = .022 wheqn satellite information is tised. .
. . . 1 » *

The simulation procedufe of estimating the yearly

+ .
«

benefit as [C(IV).- C(III)], as presented in the previous RIS

section, was followed. The undiscounted results ar€ presented
in Table III. . ) ‘ . ' .

Itﬁs assumed E‘ﬁaf 'benefﬂ:s coul? be fully o 4
~ N . )

-

captyred beglnnlng 4n SEASAT'S first full openataon year (1985) N

;dﬂe to the unusual set of'factgrs which'favors this:’

. a -
N\ b ’

'. .
. 3 ". ) D
o * ® all U.S. shipserequired by Jones _Law . N . .
- ) .6 glose .government super2451dg énd possible S

- . regulé&lon ' ,

. . - Y

K3

'q a weather routlng procedure already in

. . - operation today . **
. . ¢ - . ,
> . B >
. e’ enviranmental concern . .
* . ‘we . - " -
. . - L4 . . v .
- . o < e

N - » N 9

9“ ‘ * . . 8“124 ’ -

SRR -7 S
. ! ~ . .

.
L 2N




51,

( catle 1113

>
Rerelst Ao Alastam ©i) rersrce Lisf

1% w1330 Luzd

]

’

1987

1997

xas- 20034

Cose Study, se-eiltu

. 1c avi-<{13

1¢.5%

2.9

-310.2

. ¢ (Y

g (v) -

.
* WO sstellite lut

optimal tasker
-tl!lxutton.

Tse of satellste
and cptinal tanker
wtilfzaticn

166, 67

[1%2.20

19¢ 90

1£6.€0

112 43

2

l?’ L4

4

and 1997

The program was solved for 1?87, 1993,

" and the rest of the figmres weére inperpolated or extrapolated

fszﬁ‘xhesq- : : . ' '

(1}

(2]

£3]

{4}
a

-

-

{6}
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